a2 United States Patent

US010114351B2

a0y Patent No.: US 10,114,351 B2

Fadell et al. 45) Date of Patent: Oct. 30,2018
(54) SMART-HOME AUTOMATION SYSTEM (56) References Cited
THAT SUGGESTS OR AUTMATICALLY
IMPLEMENTS SELECTED HOUSEHOLD U.S. PATENT DOCUMENTS
POLICIES BASED ON SENSED . .
OBSERVATIONS 4,475,685 A 10/1984 Grimado ................. F23N 5/203
) 236/46 R
(71) Applicant: GOOGLE INC., Mountain View, CA Joson B2 3200 IS{;’}‘I’:};{‘S et al
Us) 0.450.962 B2* /2016 Longhom ........... HOA4L 43/50
(72) Inventors: Anthony M. Fadell, San Francisco, CA (Continued)
(US); Yoky Matsuoka, Palo Alto, CA
(US): David Sloo, Menlo Park, CA FOREIGN PATENT DOCUMENTS
(US); Maxime Veron, Los Altos, CA P 07158927 A 6/1995
(US) JP 2014174762 A 9/2014
(73) Assignee: GOOGLE LLC, Mountain View, CA (Continued)
US
Us) OTHER PUBLICATIONS
(*) Notice: Subject to any disclaimer, the term of this . L
patent is extended or adjusted under 35 International Search RepOIT for PCT Application No. PCT/US2016/
U.S.C. 154(b) by 694 days. 020716 dated Jul. 6, 2016; 29 pgs.
(21) Appl. No.: 14/639,750 Primary Examiner — Abdelmoniem Elamin
74) Aut Agent, or Firm — Van Court & Aldrid
(22) Filed:  Mar. 5, 2015 (LLI), orney, Agent, or frm — van Lou ridee
(65) Prior Publication Data
US 2016/0259308 Al Sep. 8, 2016 7) ABSTRACT
Embodiments provided herein relate to: suggesting, auto-
(51) Int. CL matically implementing, or both suggesting and automati-
GO5B 15/02 (2006.01) cally implementing, one or more household policies to be
HO4L 12/28 (2006.01) implemented within a household environment. The house-
Ho4w 4/00 (2018.01) hold policies include one or more input criteria that is
HO4W 4/80 (2018.01) derivable from at least one smart device within the house-
(52) US. L ) hold environment, the one or more input criteria relating to
CPC e 2%1035?) 11 5/10{20‘%3143/8001)’25245212/5552 a characteristic of the household environment, a character-
( 01); 27 9( 264 2 2)61 301 istic of one or more occupants of the household, or both. The
. . . ( 01) household policies also include one or more outputs to be
(58) Field of Classification Search

CPC ............ GO5B 15/02; GOSB 2219/2642; HO4L
12/2823; HO4W 4/80
See application file for complete search history.

provided based upon the one or more input criteria.

17 Claims, 30 Drawing Sheets

Y 8 4 0
5 3
_________ o 0N ey T »
F Lo
5 65y iy (€ i Ve I'E(
70 O+ 120y ﬂ-es @ /5 120v$__£9_,
= R s
48‘\ 3 ft S F f,t:rm — ¢ {52
N ¢ [ {to1) LEGACY C
HVAC _\? (l I\]\\ l @ 120V APPLIAKCE—/% —
L \58 68
ek
3
3
\ @a@
3 64

66




US 10,114,351 B2

Page 2
(56) References Cited 2015/0061859 Al* 3/2015 Matsuoka ............. GO8B 27/00
340/501
U.S. PATENT DOCUMENTS 2015/0100618 Al 4/2015 Le Guen et al.
2015/0109128 Al* 4/2015 Tadell ....coo........... GOSB 27/003
9,569,670 B2*  2/2017 Bell .ccovvvve..nn. GO6K 9/00771 340/540
9,626,841 B2* 4/2017 GOSB 19/005 2015/0116106 Al1* 4/2015 Fadell ................ GO8B 19/005
9,640,055 B2*  5/2017 GOSB 19/005 340/501
9,711,036 B2* 7/2017 . GOS8B 25/008 2015/0116107 Al1* 4/2015 Fadell .................. GO8B 19/005
2004/0229569 Al* 11/2004 Franz ............... HO4M 3/16 340/501
455/66.1 2015/0116108 Al* 4/2015 Fadell .................. GOSB 19/005
2005/0240959 Al 10/2005 Kuhn et al 340/501
2007/0216764 Al*  9/2007 Kwak oo GO7C 9/00309 2015/0156030 Al* 6/2015 Fadell ................. HO4L 12/2816
348/14.06 700/90
2008/0167535 Al 7/2008 Stivoric et al. 2015/0156031 Al* 6/2015 Fadell ................. HO4L 12/2816
2013/0006425 Al*  1/2013 Bell ..o GO6K 9/00771 700/276
¢ 200/275 2015/0227118 AL* 82015 Wong coooororocrrnn GOSB 15/02
* 700/44
2013/0234840 AL* 92013 Trundle o F24§4101/1020§§ 2015/0309487 Al 10/2015 Lyman
) . y
2013/0238538 Al 9/2013 Cook et al. 2016/0055422 AL* 22016 Li oo GOSB%Z?%
2014/0052303 Al 2/2014 Venkatakrishnan et al. "
2014/0129160 Al  S/2014 Tran 2017/0162007 Al*  6/2017 Boyd ..ccooocvvvevrrrans GO8B 5/36
2014/0207721 Al 7/2014 Tilson et al.
2014/0211985 Al 7/2014 Polese et al. FOREIGN PATENT DOCUMENTS
. ;
2014/0244001 Al* 82014 Glickfield ............... H04L7g(7)g§ KR 10.0844338 BL  7/2008
2014/0324410 Al 10/2014 Mathews et al. wo 2014/175433 AL 102014
2014/0371937 Al 12/2014 Weaver et al. * cited by examiner



U.S. Patent Oct. 30, 2018 Sheet 1 of 30 US 10,114,351 B2

10

~ 22 —
LOWPOWER
PROCESSOR

20

HIGH POWER

PROCESIOR
USER ) '
INTERFACE SENSORIS)

24

2B PASSIVE
IGHT SOURCE INFRARED SENSOR

- 1% o~ B
;S*Erggg%% POWER QUPPLY




US 10,114,351 B2

Sheet 2 of 30

Oct. 30, 2018

U.S. Patent

FONYTddY
ADYETT
G

i

/]




U.S. Patent

Oct. 30, 2018

Sheet 3 of 30

US 10,114,351 B2

NEST/PARTNER(S) @
-88 I &
—-——— < £ 94
DERIVED z i CHARITIES
HOME DATA 25
<o
A8 22 08
ENGINES: &=
—~ STATISTICS <= GOVERNMENTS
- INFERENCES @
~ INDEXING < 58
[
; ACADEMIC
; INSTITUTIONS
i
b B4 80 £ 100
NEST ?3 BUSINESSES
82 %
Z 102
HOMEDATA | | £ & 9
S UTILITIES
CH |22
SERVICES || %=
o
[
-
o
2.
52
}\:\iRNET
- - ‘.o‘ \X
T s
ﬁ w.f‘y‘; jf \\
f‘, fg \‘ i B
Tp v 30
if
I / T~ -~ S~
_ < o [DEVICES |
| DEVICES | J @
__Jre
' HuB '}




U.S. Patent Oct. 30, 2018 Sheet 4 of 30 US 10,114,351 B2

110

122 EX:
EXTRINSIC INFORMATION | \;QVRE,’(\;TE%ER FORECAST
(e.g., FROM INTERNET) |- NEIGBORHOOD/HOME INFORMATION
PROCESSING
PARADIGMS
— SECURITY
MANAGED
SERVICES ~ DEMANDL
S 4 20A
ADVERTISING/
v COMMUNICATION 1208
3& PROCESSING
CHALLENGES/
RULES/
COMPLIANCE/ ,
REWARDS | 140D
\ 4
A A I A
2 4 ; T~ ¥ ~118
DS; SS DS: SS DS: SS DS+ SS
Al BN ot July B v doly RSP N yivh doly NPT
DC}SC DC1SC DC!SC “pocisc i
DS = DATA SOURCE DEV'C&Q{
o - SERUICE SoURer - Egms/,\ HYAC WATER CONTROLLERS/SENSORS
SC = SERVICE CONSUMER — SMOKE/CO/HAZARD SENSORS/ALARMS

FIG. 4



US 10,114,351 B2

Sheet 5 of 30

Oct. 30, 2018

U.S. Patent

QN SO0

ERRFATT RN

[S¢7

SO ¥

G Ol

g8 —,
HOIAYHIE NO

(45vd 54i0170d

S O N L 2480008
G35YE S0

(31832008

) mmwmli CEINIT e
08l AN ST
Nogi)
4 08—~ z8l
A = TR

CPIOHH G3MNIT
COIOEHOL

gL~

v O NO

g

HIOVNYIN A0
(FOHISN0H

SO wmm\\

g48Yg 5310110d

T

|

T N

STHAYHOOWAG SHOIAYHZAY
aGL 2uL~"
(91—,
SN
GHASYEWOD

SEOHAYHDONEC

530
SERIBEC B

SHLTHEYEYD
oL

2ot T4l

agy —"

Syl
c L)

ETIRTeN
CAN30-HESN
$8L-"

STVOD
QIOHH

851 961 761~




U.S. Patent

Oct. 30, 2018 Sheet 6 of 30

nEVICELS

ALY
¥

o
-y
4

¥

PATTERN- DETECTION

{

¥

H-HOLD POLICY MANAGER

202

220
f—*

222

DETERMINE DEVICE CAPABILITIES

: 224

DETERMINE AVAILABLE
POLICIES BASED ON CAPABILITIES

) 226

SUGGERT
IMPLEMENT AVAILABLE POLICIES

FG. 7

US 10,114,351 B2




U.S. Patent

Oct. 30, 2018 Sheet 7 of 30 US 10,114,351 B2

NEE \
A1 Rroo
%\2%

L] DOOR ™ w A28

258 (G

B B 4 (¢ HHOLD

E g POLICY
MANAGER

280
g//"'

292

OBTAIN SENSOR BATA

: 294
INFER DEMOGRAPHICS
FROM SENSOR DATA

N 298
PROVIDE DEMOGRAPHICS TO
HO-HOLD POLICY MANAGER TG
OBTAIN APPLICABLE POLICIES

FIG. 9




US 10,114,351 B2

Sheet 8 of 30

Oct. 30, 2018

U.S. Patent

-

=

PLE—~

Lo .,

i
HADYNYIN | &
AZI0
wmﬁ‘ M
OUHD b
ERVIERR
) \W3§w T
A0

PIE~

SHIMO

iii
o
s

e

JHH3 L
T4 L
2T L

225"

g £

TENERE
F A0 |
pze—~"



U.S. Patent

352
N

PLL BE HOME
ORNCE

o374
@830

Oct. 30, 2018

Sheet 9 of 30

DEMOGRAPHIC SURVEY

HOW MANY ADULTS? 2
CHILDRE? 0
AGE OF ADULT 4732
SEX OF ADULT 42 M

AGE OF ADULT 27 30
SEXOFADULT 27 E

PETSY?
10043
2 CATE

FIG. 11

Peilid

PROVIDE REMINDER
TO LEAVE @ TIME NEEDED
TO GET HOME ON TIME

US 10,114,351 B2




U.S. Patent Oct. 30, 2018 Sheet 10 of 30 US 10,114,351 B2

L fr“" 422
AWARENESE
MODULE

iy

AR o _414
]~ SYDNETV 418

D412 o414 wu] X SYDNEY(4—422
A P ERoNT DOOR LOCK CONTROL ] N
WEEP LOCKED WHEN SYDNEY 1S HOMEALONE | 412
5(,»* 480
482
_ DETERMINE SENSOR

U1 AWARENESS FOR EXISTING POLICIES

486

~ HNARENESS

CONTINUF
MONITORING/ PR < WEETCONFIDENCE
MAKING ADJUSTMENTS "o THRESHOLD oo™
TYES

‘ 488
IMPLEMENT POLICIES §

FIG. 14




U.S. Patent Oct. 30, 2018 Sheet 11 of 30 US 10,114,351 B2

500
502
DETERMINE NEW POLICY
DESIRED TO BE IMPLEMENTED
¥ 504
DETERMINE SENSOR ATTRIBUTES
) 508
DETERMINE ABLITY TO
OBSERVE NEEDED SENSOR ATTRIBUTES
i 508
INDICATE PREDICTED SENSOR
CONFIDENCE FOR OBTAINING ATTRIBUTES
NECESSARY FOR THE NEW POLICY

&/’“ 520
522
DETERMINE
PREDICTED SENZOR CONFIDENCE
i 524
DETERMINE VARIARLES THAT
WOULD INCREASE BENSOR CONFIDENCE

i 526
[SUCCEST MODIFICATIONS TO THE VARIABLES]

FIG. 16




U.S. Patent Oct. 30, 2018 Sheet 12 of 30

iF YOU ARDED ONE ADDITIONAL
AUDIO SENSOR TO BEDROOM 2, SENSOR
CONFIDENCE REGARDING WHEN SYDNEY
1S HOME ALONE WILL IMPROVE BY 72%

IFYOU MOVED
SENSOR FROM BATHROOM 1 70
BEDROOM 3, SENSOR CONFIDENCE
WOULE IMPROVE FROM 63% T0 98%

= YOU MODIFY SENBOR 15 ORIENTATION,
SENSOR CONFEDENCE YILL IMPROVE

ﬁ‘%

SENSOR CONFIDENCE 15 LOW
DUETO AMBIENT LIGHT LEVELS
WITHIN BEDROOM 1. ADD ADDITIONAL
LIGHTING FOR MORE ACCURATE RESULTS

~
FIG. 17

US 10,114,351 B2

4
(53

N
&f 542

Va 560

562

~ 568 DETECT ™

MAKE ADJUSTMENT

<& WODFICATIONS >

4

b

o YES o~ TNDICATE CHANGE MAY ™

566

i Mﬁas“'
S BE WARRANTED

FIG. 18

ot IMPLEMENT POLICY jmses




U.S. Patent Oct. 30, 2018 Sheet 13 of 30 US 10,114,351 B2

590
592
DETECT INPUT
INDICATIVE OF PARTICULAR ACTIVITY
¥ 504
DETERMINE CHARACTERISTIOS OF INPUT
USEFUL TO INFER CHARACTERIETICS OF THE ACTIVITY

¥ 536
i REPORT/RECORD FINDINGS E
FIG. 19

626 626
e p ' 7 o
5 &y oy oY 5\ oy £Y
BEDI?EGQM BATH?QOM BEDFEGQM QEEICE
620 818 620 old
DINING ; ' )
BO0M LIVING ROOM KITCHEN
5 810 612 gle

FIG. 20



U.S. Patent Oct. 30, 2018 Sheet 14

640~y

of 30 US 10,114,351 B2

MONITOR DINING
ROOM FOR ACTIVITY

k4

DETERMINE
ACTIVITY CONTEXT

7 CONTENT

< SUGGEST EATING >
N AMEAL

L0 NOTASCRIBE ASCRIBETO
TO EXITING AMEAL EXITING AMEAL
660
; DETERMINE ~
| ACTIVITY CONTEXT |
ﬂ ;
o ! ,
:§ AL 60
; P N
§ - .
| R . ,,»“:\
* - - -~ o
A ~ ‘? - -~
v FIG. 22



U.S. Patent Oct. 30, 2018 Sheet 15 of 30 US 10,114,351 B2

FIG. 23

102
B DETERMING INDIVIDUALS IN TV ROOM

108
REPORT/RECORD
S TV USAGEAS
PART OF ALLOTMENT

B4

e 740
—RONE~
< ORTOGETHER _ oo
W 114 ¥ ~112
ASCRIBE TV THE ASCRIBE TV TVE
TO ALONE TIME TO TOGETHER TIME
~ 118

p{  REPORTRECORD FINDINGS -1 724




U.S. Patent Oct. 30, 2018 Sheet 16 of 30 US 10,114,351 B2

by
DETERMINE INDIVIDUALS IN TV ROOM p

7 BABYSITTER ™
IN CHARGE ONLY
. SUPERVISION o

TR !

o 5t
MONITOR TV USAGE
- CONTENT - PARTICIPANT
- TR -ETC

i 740
REPORT/RECORD FINDINGS

FIG. 25



U.S. Patent Oct. 30, 2018

Sheet 17 of 30

US 10,114,351 B2

514

776~

FIG. 26

DETERMINE INETACTIVITY

¥

DETERMINE INDIVIDUAL
CAUSING INETACTIVITY

!

RECORD/REPORT FINDINGS

A

IDENTITY WORKER

[

DETERMINE WORKING

FlG. 27



U.S. Patent

Oct. 30, 2018 Sheet 18 of 30

f”‘gffi

DETERMINE
ATTRIBUTES
OF PANTRY

FIG.

28

s 810
~812

DETERMINE ATTRIBUTES
OF REFRIGERATION

\id

~818

. RECORD/REPORT FINDINGS

i

816

DETERMINE ATTRIBUTES
(i APPLIANCES

FIG. 29

US 10,114,351 B2




U.S. Patent Oct. 30, 2018 Sheet 19 of 30 US 10,114,351 B2

830~ e
v
836\%%
-
10
%svg /#
j y

840 \f:

852
DETECT RUNNING WATER
L ~854
ATTRIBUTE
TO SINK/SHOWER/TOILET
¥ 856
REPORT/RECORD FINIHNGS

FIG. 31



Sheet 20 of 30

U.S. Patent Oct. 30, 2018

DETECT LIGHT USAGE E

|

DETERMINE CHARACTERISTICS
ASEQUIATED WITH USAGE
- TiME OF DAY - QUTSIDE/ABIENT

LEGHTING
-ETC

- QUCUPANCY

¥
REPORT/RECORD FINDINGS g

FIG. 32 |

DETECT BRUSHING TEETH

¥

DETECT
- SINK LEFT ON
- AMT OF TIME BRUSHING TEETH

¥
REPORT/RECORD FINDINGS

FIG. 33

US 10,114,351 B2

866

588

COMPILE REPORTED/
RECORDER FINDING FOR
EACH ROOMDEVICE IN THE HOUSE

¥ ~ 9308 %

v 304

DETERMINE HOUSEHOLD
ACTIVITY ALLOCATION

DETERMINE INDIVIDUAL
ACTIATY ALLOCATION

¥

o806

§ REPORT/RECORD FINDINGS

FIG. 34

E




U.S. Patent Oct. 30, 2018

Sheet 21 of 30

o 910
ALLIE'S ALLOCATION »
316~ ~INTERNET L 912 914
STUDY =T '
. ~ GOOGLE
/o YOUTUBE
\~SLEEP L/ o~ GOOGLE+
CHORES
g3 a6
932 962
DETECT CHILD OCCUPANCY | DISCERN OCCUPANT ID/CLASS |
¥ ~934 ¥ 964
DETECT WHISPERS DETECT
OR QUIET WHILE ACTIVE EMOTION CONTEXT DATA
¥ 938 L4 960
INFER MISCHIEF E INFER EMCTION OF QCUPANT |
¥ 938 ¥ 908
REPORT/RECORD FINDINGS REPORT/RECORD FINDINGS
s a60
982
MONITOR CONTEXT DATA |
v ~984
DETECT "BULLY" KEYWORDS
. 9490
y -l INFER BULLYING/
§ h AL : ] i
L DETECT FOULLANGUAGE =1, ne-ciner nEvavioR
¥ ~988
| DISCERN BNDIVIDUAL
¥ 992
| REPORT/RECORD FINDINGS 1

US 10,114,351 B2



U.S. Patent Oct. 30, 2018

210
™ 212
| DETECTOCCUPANCY |

v PAL;
DETECT VOO'S
ASEOCIATED WiTH
UNDESIRABLE SUBSTANCES |

Sheet 22 of 30 US 10,114,351 B2

MONITOR CONTEXT DATA
ASSQCIATED WITH DALY CHORES

¥ 244
INFER
COMPLETION/UNFINISHED CHORES

248 ¥ 246
&?@izggiégig;féigé}gﬁg | REPORT/RECORD FINDINGS |
I s FIG. 40
| REFORT/RECORD FINDINGS |
o 250
5
MONITOR CONTEXTUAL DATA
ASSOCIATED WITH MEDICAL CONDITIONS
v Eh4
| INFER MEDICAL DIAGNOSTICS
v P o 280
| REPORT/RECORD FINDINGS | [
FIG. 41 262 254
7 SHUATION ™ NOC | ROUTING
T DCCURENCE ™ T MONITORING

!

256

MONITOR
CONTEXTUAL DATA
ASSOCIATED WITH

SITUATIONAL POLICIES

¥ 258
INFER ACTIVITIES BASED
O THE CONTEXTUAL DATA

v 270
IREPORTIRECORD FINDINGSE

FIG. 42



U.S. Patent Oct. 30, 2018 Sheet 23 of

30 US 10,114,351 B2

o 290

a4

MONITOR CONTEXTUAL DATA

ASSCCIATED WITH MEDICAL CONDITIONS

A 2894
| INFER MEDICAL DIAGNOSTICE i

¥ 258G
E REPORT/RECORD FINDHNGS §

318

BETECT
INTERACTION BETWEEN
BABY SITTER AND KIDS

4 318
DETECT DEVICE USACE
AMT ANEY CHARACTERISTICS

W 320
DETECT OTHER
OCCURANTS IN THE HOUSE

év 322
| REPORT/RECORD FINDINGS |

it
< BARYSITTER ™ ML o ROUTING
S SUPERVISION =" |MONITORING

FIG. 44



U.S. Patent Oct. 30, 2018 Sheet 24 of 30 US 10,114,351 B2

352 W

DETECT
AN ASSERTION/PROMISE

,SSERTQQN/PRGME it ............ w ROLTING

360
[REPORT/RECORD FINDINGS] G 45

382

I DETERMINE APPT ASSERTION

i’ 304
CALCULATE TRANSPORTATION TIME
BETWEEN CLIRR. LC. AND APRT DEST

< APPBEMET T

< BEENMET? e

402 ¥___ 398
| ROUTINEMONITOR ] [REPORT/RECORD FINDINGS]

FIG. 46




US 10,114,351 B2

Sheet 25 of 30

Oct. 30, 2018

U.S. Patent

Ly Ol

ohy

A B | wew
A

s
S W ey - & ITyv - & Opy w
| (319 = SOMGNH GTOMERNICH NG
&3&.\. &.xssls.s»
PR ~ - (E8VE TOMINGD 3OIACH
a7y~ w
S — . - . _
) | S SO MO SONIGN G TOHINON
) U e A EIEEN
—t S 4  Soooand? | i -
ver 7 785~ oep T cel
um,,, -
m»
Ny

ozy



U.S. Patent Oct. 30, 20

18 Sheet 26 of 30 US 10,114,351 B2

o 470

~472

SITUATION BASED HOUSEHOLD POLICY

RECEIVE

¥ ~474

DETECT

SITUATION OCCURENCE

¥ 476

SITUATION BASED HOUSEHROLD POLICY

IPLEMENT

: — 478

RETURN TO NORMAL
HOUSEHOLD POLICY IMPLEMENTATION

494

INCREASE

FIG. 48

o 440
442 500

SUB POLICY
SENSHIVITY

NON-PARENT ol SPECIALIZED
SUPERVISION "1 NOTIFICATION

@f“““““““““iwasﬁ i““”““"“““:; 498

INCREASE
CAMERA MONITORING

LIMITED DEVICE USAGE
ANDIOR DEVICE CONTENT

FIG. 49

e 520

50 524

EHSABLE DEVICE
GROUNBING B USAGE/CONTENT

M ONE ROCM
gf“““jfwazs i“““f@ 526

CONTROL

LIGHTS QUT CHILD'S LOCATION

MORITOR

FIG. 50



U.S. Patent

Oct. 30, 2018

Sheet 27 of 30 US 10,114,351 B2

DEFINE AGOAL

¥ 544

RONITOR PROGRESS

TOATTAINING GOAL

546

<ol o . PENDING o
FROVIDE | NO_— e PENDING. PROVIDE
REMINDER [ A ATANED 2 ™ PROGRESS REWARD
I
! 550
PROVIDE REWARD
FOR ATTAINED GOAL
o 570
572 578 872
J 7
7 /
SORRY BENJAMIN RETECT Vs
NO MORE SCREEN 30 MINS
TIVE UNTI YOUARE | |oee|  OF e WIWW
OUTSIRE FOR 30 MINS, OUTHODR
V TIVE Va
4 A

YU

MRS

!

574

4

/ifﬁikff}ifZf?ifgif?ffifkif}’

|
580

f

578

FIG. 52



U.S. Patent

Oct. 30, 2018

Sheet 28 of 30

o 600

502

DETERMINE
BUDGETEDR BUT UNUEED

CARRYOV

POLICY ALLOTMENTS

“'“.QETE&wﬁmgi_.m\
IF POLICY ALLOWS

e |

CARRYOVER
UNUSED ALLOTMENTS

FIG. 53

~522

| NORMAL ALLOTMENTS

608

US 10,114,351 B2

MAINTAIN

508

o 620

4

E ETERMINE GOAL

y 624

DETERMINE ACCEPTABLE
PROGRESEION
FOR A PARTICULAR GOAL

!

~B28

DEFINE
TRIGGER THRESHOLDS
BAGED ON PROGRESSION

¥ 628

IMPLEMENT POLICY WiTH
PROGRESSIVE REPORT/
CONTROL THRESHOLDS

FIG. 54



U.S. Patent Oct. 30, 2018 Sheet 29 of 30 US 10,114,351 B2

&
S
[
X
o4
[ER -
[
i 1ol
?,....
H i
~B78 878
ON TIME X1 ! | ON TIME X2 | £858
GOAL
v 8724 v 0728 BE ON TIME
5 TIMES A WEEK
74 <
/ /
YOU WERE ON SN YU WERE ON
TIME ONCE 674 TIME TWICE
//‘.» //..;

5547 6548
§

| THRESHOLD 1 | THRESHOLDZ |

NN
656 6568

FIG. 56



U.S. Patent Oct. 30, 2018 Sheet 30 of 30 US 10,114,351 B2

&
n/‘ 854 s B8O
2
%
o>
LB
0
i
}.-,
~T12A o 7B
658
GOAL:
REDUCE
INTERNET USAGE
TOIHOURS
PER DAY
YWY WWW

\\\ RN S N \\\\\\\\ /// Fi i i / yi /fi,'/!//if
SN
~B5BA 8568

FIG. 58




US 10,114,351 B2

1
SMART-HOME AUTOMATION SYSTEM
THAT SUGGESTS OR AUTMATICALLY
IMPLEMENTS SELECTED HOUSEHOLD
POLICIES BASED ON SENSED
OBSERVATIONS

BACKGROUND

This disclosure relates to smart-home environments. In
particular, this disclosure relates to generation and/or distri-
bution of device-implementable occupant policies for smart-
device environments.

This section is intended to introduce the reader to various
aspects of art that may be related to various aspects of the
present disclosure, which are described and/or claimed
below. This discussion is believed to be helpful in providing
the reader with background information to facilitate a better
understanding of the various aspects of the present disclo-
sure. Accordingly, it should be understood that these state-
ments are to be read in this light, and not as admissions of
prior art.

People interact with a number of different electronic
devices on a daily basis. In a home setting, for example, a
person may interact with smart thermostats, lighting sys-
tems, alarm systems, entertainment systems, and a variety of
other electronic devices. Unfortunately, the usefulness of
these devices often times limited to basic and/or particular
pre-determined tasks associated with the device.

As society advances, households within the society may
become increasingly diverse, having varied household
norms, procedures, and rules. Unfortunately, because so-
called smart devices have traditionally been designed with
pre-determined tasks and/or functionalities, comparatively
fewer advances have been made regarding using these
devices in diverse or evolving households or in the context
of diverse or evolving household norms, procedures, and
rules.

SUMMARY

A summary of certain embodiments disclosed herein is set
forth below. It should be understood that these aspects are
presented merely to provide the reader with a brief summary
of these certain embodiments and that these aspects are not
intended to limit the scope of this disclosure. Indeed, this
disclosure may encompass a variety of aspects that may not
be set forth below.

According to embodiments of this disclosure, a smart-
home environment may be provided with smart-device
environment policies that use smart-devices to monitor
activities within a smart-device environment, report on these
activities, and/or provide smart-device control based upon
these activities.

Various refinements of the features noted above may exist
in relation to various aspects of the present disclosure.
Further features may also be incorporated in these various
aspects as well. These refinements and additional features
may exist individually or in any combination. For instance,
various features discussed below in relation to one or more
of'the illustrated embodiments may be incorporated into any
of the above-described aspects of the present disclosure
alone or in any combination. The brief summary presented
above is intended only to familiarize the reader with certain
aspects and contexts of embodiments of the present disclo-
sure without limitation to the claimed subject matter.
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BRIEF DESCRIPTION OF THE DRAWINGS

Various aspects of this disclosure may be better under-
stood upon reading the following detailed description and
upon reference to the drawings in which:

FIG. 1 is a block diagram of a smart home device, in
accordance with an embodiment;

FIG. 2 illustrates a connected smart home or smart device
environment that includes a number of smart home devices,
in accordance with one or more embodiments;

FIG. 3 illustrates a network-level view of an extensible
devices and services platform with which the smart-home
environment of FIG. 2 can be integrated, according to an
embodiment;

FIG. 4 illustrates an abstracted functional view of the
extensible devices and services platform of FIG. 3, with
reference to a processing engine as well as devices of the
smart-home environment, according to an embodiment;

FIG. 5 is a schematic drawing of a plurality of smart-
device environments, in accordance with an embodiment;

FIG. 6 is a schematic drawing of a smart-home having a
household policy manager that does not communicate over
an external network, in accordance with an embodiment;

FIG. 7 is a flow diagram illustrating a process for imple-
menting policies based upon capabilities of smart-devices
within the household, in accordance with an embodiment;

FIG. 8 is a schematic drawing of a housechold system
capable of implementing the process of FIG. 7, in accor-
dance with an embodiment;

FIG. 9 is a flow diagram illustrating a process for obtain-
ing policies based upon demographic information, in accor-
dance with an embodiment;

FIG. 10 is a schematic drawing illustrating a system that
infers demographic information to obtain relevant house-
hold policies, in accordance with an embodiment;

FIG. 11 is a schematic drawing of a graphical user
interface for determining demographic information of a
household, in accordance with an embodiment;

FIG. 12 is an schematic drawing illustrating an example
of a pattern-based policy implementation, in accordance
with an embodiment;

FIG. 13 is a schematic drawing illustrating a graphical
user interface for manually constructing household policies,
in accordance with an embodiment;

FIG. 14 is a flow diagram illustrating a process for
providing sensor confidence related to a particular policy, in
accordance with an embodiment;

FIG. 15 is a flow diagram illustrating a process for
presenting sensor confidence for a new policy, in accordance
with an embodiment;

FIG. 16 is a flow diagram illustrating a process for
suggesting modifications to enhance sensor confidence, in
accordance with an embodiment;

FIG. 17 is a schematic drawing illustrating examples of
outputs from the process of FIG. 16, in accordance with an
embodiment;

FIG. 18 is a flow diagram illustrating a process making
adjustments based upon manual modifications of a policy, in
accordance with an embodiment;

FIG. 19 is a flow diagram illustrating a process for
monitoring activities of a household, in accordance with an
embodiment;

FIG. 20 is a schematic drawing illustrating policies imple-
mented according to locational zones, in accordance with an
embodiment;

FIG. 21 is a schematic drawing of a system for monitoring
dining, in accordance with an embodiment;
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FIG. 22 is a flow diagram illustrating a process for
monitoring dining, in accordance with an embodiment;

FIG. 23 is a schematic drawing of a system for monitoring
activities, in accordance with an embodiment;

FIGS. 24 and 25 are flow diagrams illustrating processes
for monitoring media consumption, in accordance with an
embodiment;

FIG. 26 is a schematic drawing of a system for monitoring
office activities, in accordance with an embodiment;

FIG. 27 is a flow diagram illustrating a process for
monitoring office activities, in accordance with an embodi-
ment;

FIG. 28 is a schematic drawing of a system for monitoring
kitchen activities, in accordance with an embodiment;

FIG. 29 is a flow diagram illustrating a process for
monitoring kitchen activities, in accordance with an embodi-
ment;

FIG. 30 is a schematic drawing of a system for monitoring
bathroom activities while maintaining personal privacy, in
accordance with an embodiment;

FIGS. 31-33 are flow diagram illustrating processes for
monitoring bathroom activities while maintaining personal
privacy, in accordance with an embodiment;

FIG. 34 is a flow diagram illustrating a process for
reporting compiled activities, in accordance with an embodi-
ment;

FIG. 35 is a schematic drawing of a graphical user
interface useful for reporting compiled activities, in accor-
dance with an embodiment;

FIG. 36 is a flow diagram illustrating a process for
detecting child mischief, in accordance with an embodi-
ment;

FIG. 37 is a flow diagram illustrating a process for
detecting emotions, in accordance with an embodiment;

FIG. 38 is a flow diagram illustrating a process for
detecting undesirable actions, in accordance with an
embodiment;

FIG. 39 is a flow diagram illustrating a process for
detecting access to undesirable substances, in accordance
with an embodiment;

FIG. 40 is a flow diagram illustrating a process for
detecting chore completion status, in accordance with an
embodiment;

FIG. 41 is a flow diagram illustrating a process for
monitoring medical symptoms, in accordance with an
embodiment;

FIG. 42 is a flow diagram illustrating a process for
situational monitoring, in accordance with an embodiment;

FIG. 43 is a flow diagram illustrating a process for
situational monitoring of children who are home alone, in
accordance with an embodiment;

FIG. 44 is a flow diagram illustrating a process for
situational monitoring of non-parental supervision, in accor-
dance with an embodiment;

FIGS. 45 and 46 are flow diagrams illustrating processes
for monitoring assertion activities, in accordance with an
embodiment;

FIG. 47 is a flow diagram illustrating a process for
providing control of a smart-device environment, in accor-
dance with an embodiment;

FIG. 48 is a flow diagram illustrating a process for
situation-based control, in accordance with an embodiment;

FIG. 49 is a flow diagram illustrating a process for
controlling a smart-device environment under non-parental
supervision, in accordance with an embodiment;
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FIG. 50 is a flow diagram illustrating a process for
grounding control of a smart-device environment, in accor-
dance with an embodiment;

FIG. 51 is a flow diagram illustrating a process for
reward-based control of a smart-device environment, in
accordance with an embodiment;

FIG. 52 is a schematic drawing illustrating allotment-
based control of a smart-device environment, in accordance
with an embodiment;

FIG. 53 is a flow diagram illustrating a process for the
allotment-based control of the smart-device environment, in
accordance with an embodiment;

FIG. 54 is a flow diagram illustrating a process for
progressive control in a smart-device environment, in accor-
dance with an embodiment;

FIG. 55 is a data chart illustrating control via a progres-
sively increasing control threshold, in accordance with an
embodiment;

FIG. 56 is a schematic drawing illustrating control via
progressively increasing thresholds, in accordance with an
embodiment;

FIG. 57 is a data chart illustrating control via a progres-
sively decreasing control threshold, in accordance with an
embodiment; and

FIG. 58 is a schematic drawing illustrating control via
progressively decreasing thresholds, in accordance with an
embodiment.

DETAILED DESCRIPTION OF SPECIFIC
EMBODIMENTS

One or more specific embodiments will be described
below. In an effort to provide a concise description of these
embodiments, not all features of an actual implementation
are described in the specification. It should be appreciated
that in the development of any such actual implementation,
as in any engineering or design project, numerous imple-
mentation-specific decisions must be made to achieve the
developers’ specific goals, such as compliance with system-
related and business-related constraints, which may vary
from one implementation to another. Moreover, it should be
appreciated that such a development effort might be com-
plex and time consuming, but would nevertheless be a
routine undertaking of design, fabrication, and manufacture
for those of ordinary skill having the benefit of this disclo-
sure.

Embodiments of the present disclosure relate to smart-
device environments. In particular, a smart-device environ-
ment may be provided with and/or create one or more
environment policies. These policies may be used to report
characteristics, attributes, etc. of the environment and/or
occupants of the environment. Further, these policies may be
used to facilitate control of one or more smart-devices
within the environment, based upon one or more conditions
defined in the policies.

Smart Device in Smart Home Environment

By way of introduction, FIG. 1 illustrates an example of
a general device 10 that may that may be disposed within a
building environment. In one embodiment, the device 10
may include one or more sensors 12, a user-interface com-
ponent 14, a power supply 16 (e.g., including a power
connection and/or battery), a network interface 18 (which
may be wired and/or wireless, and if wireless may comprise
a single radio according to a single wireless protocol or
multiple radios according to multiple different wireless
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protocols), a high-power processor 20, a low-power proces-
sor 22, a passive infrared (PIR) sensor 24, a light source 26,
and the like.

The sensors 12, in certain embodiments, may detect
various properties such as acceleration, temperature, humid-
ity, water, supplied power, proximity, external motion,
device motion, sound signals, ultrasound signals, light sig-
nals, fire, smoke, carbon monoxide or other gas, global-
positioning-satellite (GPS) signals, radio-frequency (RF),
other electromagnetic signals or fields, or the like. As such,
the sensors 12 may include temperature sensor(s), humidity
sensor(s), hazard-related sensor(s) or other environmental
sensor(s), accelerometer(s), microphone(s), optical sensors
up to and including camera(s) (e.g., charged coupled-device
or video cameras), active or passive radiation sensors, GPS
receiver(s) or radiofrequency identification detector(s).
While FIG. 1 illustrates an embodiment with two sensor
blocks, many embodiments may include as few as a single
sensor, or may include multiple sensor blocks each contain-
ing one or more sensors, up to and including multiple blocks
each containing entire arrays of sensors. In some instances,
the device 10 may include one or more primary sensors and
one or more secondary sensors. Here, the primary sensor(s)
may sense data central to the core operation of the device
(e.g., sensing a temperature in a thermostat or sensing smoke
in a smoke detector), while the secondary sensor(s) may
sense other types of data (e.g., motion, light or sound),
which can be used for energy-efficiency objectives, smart-
operation objectives, individual-component objectives as
part of a larger home automation system or functionality, or
any of a variety of other objectives.

One or more user-interface components 14 in the device
10 may receive input from the user and/or present informa-
tion to the user. The received input may be used to determine
a setting. In certain embodiments, the user-interface com-
ponents may include a mechanical or virtual component that
responds to the user’s motion. For example, the user can
mechanically move a sliding component (e.g., along a
vertical or horizontal track) or rotate a rotatable ring (e.g.,
along a circular track), or the user’s motion along a touchpad
may be detected. Such motions may correspond to a setting
adjustment, which can be determined based on an absolute
position of a user-interface component 14 or based on a
displacement of a user-interface components 14 (e.g.,
adjusting a set point temperature by 1 degree F. for every 10°
rotation of a rotatable-ring component). Physically and
virtually movable user-interface components can allow a
user to set a setting along a portion of an apparent con-
tinuum. Thus, the user may not be confined to choose
between two discrete options (e.g., as would be the case if
up and down buttons were used) but can quickly and
intuitively define a setting along a range of possible setting
values. For example, a magnitude of a movement of a
user-interface component may be associated with a magni-
tude of a setting adjustment, such that a user may dramati-
cally alter a setting with a large movement or finely tune a
setting with a small movement.

The user-interface components 14 may also include one
or more buttons (e.g., up and down buttons), a keypad, a
number pad, a switch, a microphone, and/or a camera (e.g.,
to detect gestures). In one embodiment, the user-interface
component 14 may include a click-and-rotate annular ring
component that may enable the user to interact with the
component by rotating the ring (e.g., to adjust a setting)
and/or by clicking the ring inwards (e.g., to select an
adjusted setting or to select an option). In another embodi-
ment, the user-interface component 14 may include a camera
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that may detect gestures (e.g., to indicate that a power or
alarm state of a device is to be changed). In some instances,
the device 10 may have one primary input component,
which may be used to set a plurality of types of settings. The
user-interface components 14 may also be configured to
present information to a user via, e.g., a visual display (e.g.,
a thin-film-transistor display or organic light-emitting-diode
display) and/or an audio speaker.

The power-supply component 16 may include a power
connection and/or a local battery. For example, the power
connection may connect the device 10 to a power source
such as a line voltage source and/or an on-board power
generating component, such as solar power generation com-
ponents, other power harvesting components, or the like. In
some instances, an AC power source can be used to repeat-
edly charge a (e.g., rechargeable) local battery, such that the
battery may be used later to supply power to the device 10
when the AC power source is not available, or to supplement
power to the device 10 when instantaneous power require-
ments exceed that which can be provided by the AC power
source or by local AC power conversion circuitry.

The network interface 18 may include a component that
enables the device 10 to communicate between devices. As
such, the network interface 18 may enable the device 10 to
communicate with other devices 10 via a wired or wireless
network. The network interface 18 may include a wireless
card or some other transceiver connection to facilitate this
communication. The network interface 18 may incorporate
one or more of a plurality of standard or proprietary proto-
cols including, but not limited to, Wi-Fi, Zigbee, Z-Wave, or
Thread. One particularly advantageous protocol for imple-
mentation by the network interface 18 is the Thread proto-
col, promulgated by the Thread Group and including fea-
tures of 802.15.4, IETF IPv6, and 6L.oWPAN protocols.

The high-power processor 20 and the low-power proces-
sor 22 may support one or more of a variety of different
device functionalities. As such, the high-power processor 20
and the low-power processor 22 may each include one or
more processors configured and programmed to carry out
and/or cause to be carried out one or more of the function-
alities described herein. In one embodiment, the high-power
processor 20 and the low-power processor 22 may include
general-purpose processors carrying out computer code
stored in local memory (e.g., flash memory, hard drive,
random access memory), special-purpose processors or
application-specific  integrated circuits, combinations
thereof, and/or using other types of hardware/firmware/
software processing platforms. In certain embodiments, the
high-power processor 20 may execute computationally
intensive operations such as operating the user-interface
component 14 and the like. The low-power processor 22, on
the other hand, may manage less complex processes such as
detecting a hazard or temperature from the sensor 12. In one
embodiment that is particularly advantageous for battery-
only or other power-constrained environments, the high-
power processor 20 may be maintained in a sleep state most
of the time, and the low-power processor may be used to
wake or initialize the high-power processor for intervals
when computationally intensive processes are required.

By way of example, the high-power processor 20 and the
low-power processor 22 may detect when a location (e.g., a
house or room) is occupied (i.e., includes a presence of a
human), up to and including whether it is occupied by a
specific person or is occupied by a specific number of people
(e.g., relative to one or more thresholds). In one embodi-
ment, this detection can occur, e.g., by analyzing micro-
phone signals, detecting user movements (e.g., in front of a
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device), detecting openings and closings of doors or garage
doors, detecting wireless signals, detecting an internet pro-
tocol (IP) address of a received signal, detecting operation of
one or more devices within a time window, or the like.
Moreover, the high-power processor 20 and the low-power
processor 22 may include image recognition technology to
identify particular occupants or objects.

In certain embodiments, the high-power processor 20 and
the low-power processor 22 may detect the presence of a
human using the PIR sensor 24. The PIR sensor 24 may be
a passive infrared sensor that measures infrared (IR) radia-
tion emitted from or reflected by objects in its field of view.

In some instances, the high-power processor 20 may
predict desirable settings and/or implement those settings.
For example, based on the presence detection, the high-
power processor 20 may adjust device settings to, e.g.,
conserve power when nobody is home or in a particular
room or to accord with user preferences (e.g., general
at-home preferences or user-specific preferences). As
another example, based on the detection of a particular
person, animal or object (e.g., a child, pet or lost object), the
high-power processor 20 may initiate an audio or visual
indicator of where the person, animal or object is or may
initiate an alarm or security feature if an unrecognized
person is detected under certain conditions (e.g., at night or
when lights are off).

In some embodiments, multiple instances of the device 10
(which may be similar to or different than each other) may
interact with each other such that events detected by a first
device influences actions of a second device. For example,
a first device can detect that a user has entered into a garage
(e.g., by detecting motion in the garage, detecting a change
in light in the garage or detecting opening of the garage
door). The first device can transmit this information to a
second device via the network interface 18, such that the
second device can, e.g., adjust a home temperature setting,
a light setting, a music setting, and/or a security-alarm
setting. As another example, a first device can detect a user
approaching a front door (e.g., by detecting motion or
sudden light pattern changes). The first device may, e.g.,
cause a general audio or visual signal to be presented (e.g.,
such as sounding of a doorbell) or cause a location-specific
audio or visual signal to be presented (e.g., to announce the
visitor’s presence within a room that a user is occupying).

In addition to detecting various types of events, the device
10 may include a light source 26 that may illuminate when
a living being, such as a human, is detected as approaching.
The light source 26 may include any type of light source
such as one or more light-emitting diodes or the like. The
light source 26 may be communicatively coupled to the
high-power processor 20 and the low-power processor 22,
which may provide a signal to cause the light source 26 to
illuminate.

Keeping the foregoing in mind, FIG. 2 illustrates an
example of a smart-device environment 30 within which one
or more of the devices 10 of FIG. 1 and within which one
or more of the methods, systems, services, and/or computer
program products described further herein can be applicable.
The depicted smart-device environment 30 includes a struc-
ture 32, which can include, e.g., a house, office building,
garage, or mobile home. It will be appreciated that devices
can also be integrated into a smart-device environment 30
that does not include an entire structure 32, such as an
apartment, condominium, or office space. Further, the smart
home environment can control and/or be coupled to devices
outside of the actual structure 32. Indeed, several devices in
the smart home environment need not physically be within
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the structure 32 at all. For example, a device controlling a
pool heater or irrigation system can be located outside of the
structure 32.

The depicted structure 32 includes a plurality of rooms 38,
separated at least partly from each other via walls 40. The
walls 40 can include interior walls or exterior walls. Each
room can further include a floor 42 and a ceiling 44. Devices
can be mounted on, integrated with, and/or supported by a
wall 40, floor 42 or ceiling 44.

In some embodiments, the smart-device environment 30
of FIG. 2 includes a plurality of devices 10, including
intelligent, multi-sensing, network-connected devices, that
can integrate seamlessly with each other and/or with a
central server or a cloud-computing system to provide any of
a variety of useful smart-home objectives. The smart-device
environment 30 may include one or more intelligent, multi-
sensing, network-connected thermostats 46 (hereinafter
referred to as “smart thermostats 46”), one or more intelli-
gent, network-connected, multi-sensing hazard detection
units 50 (hereinafter referred to as “smart hazard detectors
50), and one or more intelligent, multi-sensing, network-
connected entryway interface devices 52 (hereinafter
referred to as “smart doorbells 52”). According to embodi-
ments, the smart thermostat 46 may include a Nest Learning
Thermostat from Nest Labs, Inc., among others. Alone or in
combination with each other and/or with one or more other
temperature and/or humidity sensors of the smart home, the
smart thermostats 46 detect ambient climate characteristics
(e.g., temperature and/or humidity) and control an HVAC
system 48 accordingly.

The smart hazard detector 50 may detect the presence of
a hazardous substance or a substance indicative of a haz-
ardous substance (e.g., smoke, fire, or carbon monoxide).
The smart hazard detector 50 may include a Nest Protect
Smoke+CO Alarm that may include sensors 12 such as
smoke sensors, carbon monoxide sensors, and the like. As
such, the hazard detector 50 may determine when smoke,
fire, or carbon monoxide may be present within the building.

The smart doorbell 52 may detect a person’s approach to
or departure from a location (e.g., an outer door), provide
doorbell functionality, announce a person’s approach or
departure via audio or visual means, or control settings on a
security system (e.g., to activate or deactivate the security
system when occupants go and come). The smart doorbell
52 may interact with other devices 10 based on whether
someone has approached or entered the smart-device envi-
ronment 30.

In some embodiments, the smart-device environment 30
further includes one or more intelligent, multi-sensing, net-
work-connected wall switches 54 (hereinafter referred to as
“smart wall switches 54”), along with one or more intelli-
gent, multi-sensing, network-connected wall plug interfaces
56 (hereinafter referred to as “smart wall plugs 56). The
smart wall switches 54 may detect ambient lighting condi-
tions, detect room-occupancy states, and control an ON/OFF
or dimming state of one or more lights. In some instances,
smart wall switches 54 may also control a power state or
speed of a fan, such as a ceiling fan. The smart wall plugs
56 may detect occupancy of a room or enclosure and control
supply of power to one or more wall plugs (e.g., such that
power is not supplied to the plug if nobody is at home).

Still further, in some embodiments, the device 10 within
the smart-device environment 30 may further includes a
plurality of intelligent, multi-sensing, network-connected
appliances 58 (hereinafter referred to as “smart appliances
58), such as refrigerators, stoves and/or ovens, televisions,
washers, dryers, lights, stereos, intercom systems, garage-
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door openers, floor fans, ceiling fans, wall air conditioners,
pool heaters, irrigation systems, security systems, cameras
59 (e.g., Nest Dropcams) and so forth. According to embodi-
ments, the network-connected appliances 58 are made com-
patible with the smart-device environment by cooperating
with the respective manufacturers of the appliances. For
example, the appliances can be space heaters, window AC
units, motorized duct vents, etc. When plugged in, an
appliance can announce itself to the smart-home network,
such as by indicating what type of appliance it is, and it can
automatically integrate with the controls of the smart-home.
Such communication by the appliance to the smart home can
be facilitated by any wired or wireless communication
protocols known by those having ordinary skill in the art.
The smart home also can include a variety of non-commu-
nicating legacy appliances 68, such as old conventional
washer/dryers, refrigerators, and the like which can be
controlled, albeit coarsely (ON/OFF), by virtue of the smart
wall plugs 56. The smart-device environment 30 can further
include a variety of partially communicating legacy appli-
ances 70, such as infrared (“IR”) controlled wall air condi-
tioners or other IR-controlled devices, which can be con-
trolled by IR signals provided by the smart hazard detectors
50 or the smart wall switches 54.

According to embodiments, the smart thermostats 46, the
smart hazard detectors 50, the smart doorbells 52, the smart
wall switches 54, the smart wall plugs 56, and other devices
of the smart-device environment 30 are modular and can be
incorporated into older and new houses. For example, the
devices 10 are designed around a modular platform consist-
ing of two basic components: a head unit and a back plate,
which is also referred to as a docking station. Multiple
configurations of the docking station are provided so as to be
compatible with any home, such as older and newer homes.
However, all of the docking stations include a standard
head-connection arrangement, such that any head unit can be
removably attached to any docking station. Thus, in some
embodiments, the docking stations are interfaces that serve
as physical connections to the structure and the voltage
wiring of the homes, and the interchangeable head units
contain all of the sensors 12, processors 28, user interfaces
14, the power supply 16, the network interface 18, and other
functional components of the devices described above.

The smart-device environment 30 may also include com-
munication with devices outside of the physical home but
within a proximate geographical range of the home. For
example, the smart-device environment 30 may include a
pool heater controller 34 that communicates a current pool
temperature to other devices within the smart-device envi-
ronment 30 or receives commands for controlling the pool
temperature. Similarly, the smart-device environment 30
may include an irrigation controller 36 that communicates
information regarding irrigation systems within the smart-
device environment 30 and/or receives control information
for controlling such irrigation systems. According to
embodiments, an algorithm is provided for considering the
geographic location of the smart-device environment 30,
such as based on the zip code or geographic coordinates of
the home. The geographic information is then used to obtain
data helpful for determining optimal times for watering,
such data may include sun location information, tempera-
ture, dewpoint, soil type of the land on which the home is
located, etc.

By virtue of network connectivity, one or more of the
smart-home devices of FIG. 2 can further allow a user to
interact with the device even if the user is not proximate to
the device. For example, a user can communicate with a
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device using a computer (e.g., a desktop computer, laptop
computer, or tablet) or other portable electronic device (e.g.,
a smartphone) 66. A web page or app can be configured to
receive communications from the user and control the
device based on the communications and/or to present
information about the device’s operation to the user. For
example, the user can view a current setpoint temperature
for a device and adjust it using a computer. The user can be
in the structure during this remote communication or outside
the structure.

As discussed, users can control the smart thermostat and
other smart devices in the smart-device environment 30
using a network-connected computer or portable electronic
device 66. In some examples, some or all of the occupants
(e.g., individuals who live in the home) can register their
device 66 with the smart-device environment 30. Such
registration can be made at a central server to authenticate
the occupant and/or the device as being associated with the
home and to give permission to the occupant to use the
device to control the smart devices in the home. An occupant
can use their registered device 66 to remotely control the
smart devices of the home, such as when the occupant is at
work or on vacation. The occupant may also use their
registered device to control the smart devices when the
occupant is actually located inside the home, such as when
the occupant is sitting on a couch inside the home. It should
be appreciated that instead of or in addition to registering
devices 66, the smart-device environment 30 may make
inferences about which individuals live in the home and are
therefore occupants and which devices 66 are associated
with those individuals. As such, the smart-device environ-
ment “learns” who is an occupant and permits the devices 66
associated with those individuals to control the smart
devices of the home.

In some instances, guests desire to control the smart
devices. For example, the smart-device environment may
receive communication from an unregistered mobile device
of an individual inside of the home, where said individual is
not recognized as an occupant of the home. Further, for
example, a smart-device environment may receive commu-
nication from a mobile device of an individual who is known
to be, or who is registered as, a guest.

According to embodiments, a guest-layer of controls can
be provided to guests of the smart-device environment 30.
The guest-layer of controls gives guests access to basic
controls (e.g., a judicially selected subset of features of the
smart devices), such as temperature adjustments, but it locks
out other functionalities. The guest layer of controls can be
thought of as a “safe sandbox™ in which guests have limited
controls, but they do not have access to more advanced
controls that could fundamentally alter, undermine, damage,
or otherwise impair the occupant-desired operation of the
smart devices. For example, the guest layer of controls will
not permit the guest to adjust the heat-pump lockout tem-
perature.

As described below, the smart thermostat 46 and other
smart devices “learn” by observing occupant behavior. For
example, the smart thermostat learns occupants’ preferred
temperature set-points for mornings and evenings, and it
learns when the occupants are asleep or awake, as well as
when the occupants are typically away or at home, for
example. According to embodiments, when a guest controls
the smart devices, such as the smart thermostat, the smart
devices do not “learn” from the guest. This prevents the
guest’s adjustments and controls from affecting the learned
preferences of the occupants.
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According to some embodiments, a smart television
remote control is provided. The smart remote control rec-
ognizes occupants by thumbprint, visual identification,
RFID, etc., and it recognizes a user as a guest or as someone
belonging to a particular class having limited control and
access (e.g., child). Upon recognizing the user as a guest or
someone belonging to a limited class, the smart remote
control only permits that user to view a subset of channels
and to make limited adjustments to the settings of the
television and other devices. For example, a guest cannot
adjust the digital video recorder (DVR) settings, and a child
is limited to viewing child-appropriate programming.

According to some embodiments, similar controls are
provided for other instruments, utilities, and devices in the
house. For example, sinks, bathtubs, and showers can be
controlled by smart spigots that recognize users as guests or
as children and therefore prevent water from exceeding a
designated temperature that is considered safe.

In some embodiments, in addition to containing process-
ing and sensing capabilities, each of the devices 34, 36, 46,
50, 52, 54, 56, and 58 (collectively referred to as “the smart
devices™) is capable of data communications and informa-
tion sharing with any other of the smart devices, as well as
to any central server or cloud-computing system or any other
device that is network-connected anywhere in the world.
The required data communications can be carried out using
any of a variety of custom or standard wireless protocols
(Wi-Fi, ZigBee, 6LoWPAN, etc.) and/or any of a variety of
custom or standard wired protocols (CAT6 Ethernet, Home-
Plug, etc.).

According to embodiments, all or some of the smart
devices can serve as wireless or wired repeaters, and the
smart devices can be configured to form a mesh network for
reliable, robust, fault-tolerant device-to-device and device-
to-cloud communications. For example, a first one of the
smart devices can communicate with a second one of the
smart device via a wireless router 60. The smart devices can
further communicate with each other via a connection to a
network, such as the Internet 62. Through the Internet 62, the
smart devices can communicate with a central server or a
cloud-computing system 64. The central server or cloud-
computing system 64 can be associated with a manufacturer,
support entity, or service provider associated with the
device. For one embodiment, a user may be able to contact
customer support using a device itself rather than needing to
use other communication means such as a telephone or
Internet-connected computer. Further, software updates can
be automatically sent from the central server or cloud-
computing system 64 to devices (e.g., when available, when
purchased, or at routine intervals). According to embodi-
ments, as described further in the commonly assigned
W02014047501 A1, which is incorporated by reference
herein, the smart devices may combine to create a mesh
network of spokesman and low-power nodes in the smart-
device environment 30, where some of the smart devices are
“spokesman” nodes and others are “low-powered” nodes.

An example of a low-power node is a smart night light 65.
In addition to housing a light source, the smart night light 65
houses an occupancy sensor, such as an ultrasonic or passive
IR sensor, and an ambient light sensor, such as a photore-
sistor or a single-pixel sensor that measures light in the
room. In some embodiments, the smart night light 65 is
configured to activate the light source when its ambient light
sensor detects that the room is dark and when its occupancy
sensor detects that someone is in the room. In other embodi-
ments, the smart night light 65 is simply configured to
activate the light source when its ambient light sensor
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detects that the room is dark. Further, according to embodi-
ments, the smart night light 65 includes a low-power wire-
less communication chip (e.g., ZigBee chip) that regularly
sends out messages regarding the occupancy of the room
and the amount of light in the room, including instantaneous
messages coincident with the occupancy sensor detecting
the presence of a person in the room. As mentioned above,
these messages may be sent wirelessly, using the mesh
network, from node to node (i.e., smart device to smart
device) within the smart-device environment 30 as well as
over the Internet 62 to the central server or cloud-computing
system 64.

In some embodiments, the low-powered and spokesman
nodes (e.g., devices 46, 50, 52, 54, 56, 58, and 65) can
function as “tripwires” for an alarm system in the smart-
device environment. For example, in the event a perpetrator
circumvents detection by alarm sensors located at windows,
doors, and other entry points of the smart-device environ-
ment 30, the alarm could be triggered upon receiving an
occupancy, motion, heat, sound, etc. message from one or
more of the low-powered and spokesman nodes in the mesh
network. For example, upon receiving a message from a
smart night light 65 indicating the presence of a person, the
central server or cloud-computing system 64 or some other
device could trigger an alarm, provided the alarm is armed
at the time of detection. Thus, the alarm system could be
enhanced by various low-powered and spokesman nodes
located throughout the smart-device environment 30. In this
example, a user could enhance the security of the smart-
device environment 30 by buying and installing extra smart
nightlights 65.

Further included and illustrated in the smart-device envi-
ronment 30 of FIG. 2 are service robots 69 each configured
to carry out, in an autonomous manner, any of a variety of
household tasks. For some embodiments, the service robots
69 can be respectively configured to perform floor sweeping,
floor washing, etc. in a manner similar to that of known
commercially available devices such as the ROOMBA™
and SCOOBA™ products sold by iRobot, Inc. of Bedford,
Mass.

FIG. 3 illustrates a network-level view of an extensible
devices and services platform 80 with which the smart-home
environment of FIG. 2 can be integrated, according to an
embodiment. The extensible devices and services platform
80 can be concentrated at a single server or distributed
among several different computing entities without limita-
tion with respect to the smart-device environment 30. The
extensible devices and services platform 80 may include a
processing engine 86, which may include engines that
receive data from devices of smart-device environments
(e.g., via the Internet or a hubbed network), to index the data,
to analyze the data and/or to generate statistics based on the
analysis or as part of the analysis. The analyzed data can be
stored as derived home data 88.

Results of the analysis or statistics can thereafter be
transmitted back to the device that provided home data used
to derive the results, to other devices, to a server providing
a web page to a user of the device, or to other non-device
entities. For example, use statistics, use statistics relative to
use of other devices, use patterns, and/or statistics summa-
rizing sensor readings can be generated by the processing
engine 86 and transmitted. The results or statistics can be
provided via the Internet 62. In this manner, the processing
engine 86 can be configured and programmed to derive a
variety of useful information from the home data 82. A
single server can include one or more engines.
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The derived data can be highly beneficial at a variety of
different granularities for a variety of useful purposes,
ranging from explicit programmed control of the devices on
a per-home, per-neighborhood, or per-region basis (for
example, demand-response programs for electrical utilities),
to the generation of inferential abstractions that can assist on
a per-home basis (for example, an inference can be drawn
that the homeowner has left for vacation and so security
detection equipment can be put on heightened sensitivity), to
the generation of statistics and associated inferential abstrac-
tions that can be used for government or charitable purposes.
For example, processing engine 86 can generate statistics
about device usage across a population of devices and send
the statistics to device users, service providers or other
entities (e.g., that have requested or may have provided
monetary compensation for the statistics).

FIG. 4 illustrates an abstracted functional view 110 of the
extensible devices and services platform 80 of FIG. 3, with
particular reference to the processing engine 86 as well as
devices, such as those of the smart-device environment 30 of
FIG. 2. Even though devices situated in smart-device envi-
ronments will have an endless variety of different individual
capabilities and limitations, they can all be thought of as
sharing common characteristics in that each of them is a data
consumer 112 (DC), a data source 114 (DS), a services
consumer 116 (SC), and a services source 118 (SS). Advan-
tageously, in addition to providing the essential control
information needed for the devices to achieve their local and
immediate objectives, the extensible devices and services
platform 80 can also be configured to harness the large
amount of data that is flowing out of these devices. In
addition to enhancing or optimizing the actual operation of
the devices themselves with respect to their immediate
functions, the extensible devices and services platform 80
can be directed to “repurposing” that data in a variety of
automated, extensible, flexible, and/or scalable ways to
achieve a variety of useful objectives. These objectives may
be predefined or adaptively identified based on, e.g., usage
patterns, device efficiency, and/or user input (e.g., requesting
specific functionality).

For example, FIG. 4 shows processing engine 86 as
including a number of paradigms 120. Processing engine 86
can include a managed services paradigm 120a that moni-
tors and manages primary or secondary device functions.
The device functions can include ensuring proper operation
of a device given user inputs, estimating that (e.g., and
responding to an instance in which) an intruder is or is
attempting to be in a dwelling, detecting a failure of equip-
ment coupled to the device (e.g., a light bulb having burned
out), implementing or otherwise responding to energy
demand response events, or alerting a user of a current or
predicted future event or characteristic. Processing engine
86 can further include an advertising/communication para-
digm 1205 that estimates characteristics (e.g., demographic
information), desires and/or products of interest of a user
based on device usage. Services, promotions, products or
upgrades can then be offered or automatically provided to
the user. Processing engine 86 can further include a social
paradigm 120c that uses information from a social network,
provides information to a social network (for example,
based on device usage), and/or processes data associated
with user and/or device interactions with the social network
platform. For example, a user’s status as reported to their
trusted contacts on the social network could be updated to
indicate when they are home based on light detection,
security system inactivation or device usage detectors. As
another example, a user may be able to share device-usage
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statistics with other users. In yet another example, a user
may share HVAC settings that result in low power bills and
other users may download the HVAC settings to their smart
thermostat 46 to reduce their power bills.

The processing engine 86 can include a challenges/rules/
compliance/rewards paradigm 1204 that informs a user of
challenges, competitions, rules, compliance regulations and/
or rewards and/or that uses operation data to determine
whether a challenge has been met, a rule or regulation has
been complied with and/or a reward has been earned. The
challenges, rules or regulations can relate to efforts to
conserve energy, to live safely (e.g., reducing exposure to
toxins or carcinogens), to conserve money and/or equipment
life, to improve health, etc. For example, one challenge may
involve participants turning down their thermostat by one
degree for one week. Those that successfully complete the
challenge are rewarded, such as by coupons, virtual cur-
rency, status, etc. Regarding compliance, an example
involves a rental-property owner making a rule that no
renters are permitted to access certain owner’s rooms. The
devices in the room having occupancy sensors could send
updates to the owner when the room is accessed.

The processing engine 86 can integrate or otherwise
utilize extrinsic information 122 from extrinsic sources to
improve the functioning of one or more processing para-
digms. Extrinsic information 122 can be used to interpret
data received from a device, to determine a characteristic of
the environment near the device (e.g., outside a structure that
the device is enclosed in), to determine services or products
available to the user, to identify a social network or social-
network information, to determine contact information of
entities (e.g., public-service entities such as an emergency-
response team, the police or a hospital) near the device, etc.,
to identify statistical or environmental conditions, trends or
other information associated with a home or neighborhood,
and so forth.

Household Policy Provision

Having now discussed the smart-device or smart-home
environment, the discussion now turns to sourcing policy
that may be executed by smart devices within the smart-
device environment. In some embodiments such execution
can be carried out by individual smart devices acting alone,
while in other embodiments such execution can be carried
out by self-orchestrating groupings (static or dynamic) of
smart devices acting in concert, while in still other embodi-
ments such execution can be carried out by individual smart
devices or groups of smart devices acting under the orches-
tration of a central server, such as a cloud-based computing
system located remotely from the home. FIG. 5 is a sche-
matic drawing of an environment 150 of household policy
equipped homes 152, in accordance with an embodiment.
Policies may reach household policy equipped homes 152 in
a variety of manners. For example, a household policy
manager 154 may be responsible for supplying policies to
homes 152 based upon: household goals, household-defined
policies, smart-device capabilities within the home 152,
shared policies among linked homes, household demograph-
ics, etc. While FIG. 5 illustrates a houschold policy manager
154 external to each of the homes 152, the household policy
manager 154 may be local to each house 152, or may work
in conjunction with other household policy managers 154
that are all local to homes 152, all remote from the homes
152, or are a combination of local and remote policy
managers 154. For example, home 156 includes a local
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household policy manager 154 that may interact with a
remote household policy manager 154.

In the illustrated embodiment, Home 156 is set up to
receive goal-based policies. For example, as will be dis-
cussed in more detail below, a goal might be to “Spend less
time on electronic devices” or “Use 5% less energy each
month for the next 3 months.” The household goals 158 are
provided to the household policy manager 154, which sup-
plies goal-based policies 160 for execution within the home
156. In some embodiments, the household goals 158 may be
obtained by providing a survey to one or more household
members (e.g., via a graphical user interface). In some
embodiments, household goals may be suggested by a
computer (e.g., the household policy manager 154) based
upon observed behaviors of members of the household,
based upon certain inputs provided from smart devices in the
home, based upon certain inputs from remote vendors/
facilitators/regulators/etc., or any combination thereof.
These suggested household goals may result in particular
selected household goals 158.

FIG. 5 illustrates that Home 162 is set up to receive
user-defined policies 164. For example, there may be a
graphical user interface within home 162 that enables mem-
bers of the household to create policies personalized for the
home 162. In some embodiments, these policies may be
shared with a household policy manager 154 communica-
tively coupled with a plurality of policy equipped homes
152, such that the user-defined policies 164 may be shared
with other policy equipped homes 152. For example, in the
current embodiment, the user-defined policies 164 are pro-
vided to the household policy manager 154 with household
demographic information 166 (e.g., number of household
members, ages of household members, activity patterns of
household members, etc.). By receiving both the user-
defined policies 164 and the demographic information 166,
the household policy manager 154 may provide/suggest the
user-defined policies 164 to other policy equipped homes
152 having similar demographic information 166.

In some embodiments, policies may be provided for
execution at the policy equipped homes 152 based upon
capabilities of devices within the home 152. For example,
home 168 is set up to receive policies based upon capabili-
ties within the home 168. The capabilities 170, such as: “this
home is able to detect occupancy at a dining room table” or
“this home is able to hear audio in the living room,” are
provided to the household policy manager 154. The house-
hold policy manager 154 may determine which of a plurality
of available policies are available for implementation at the
home 168 and provide this list of capability-based policies
172 to the home 168. A policy administrator within the home
168 may select policies from the capability-based polices
172 to implement within the home 168.

In some embodiments, household policies may be linked.
In other words, there may be a relationship between two
policy equipped homes 152 resulting in execution of linked
rules within at least one of the policy equipped homes 152.
For example, in a situation where there is a shared custody
agreement regarding children between two policy equipped
homes 152, household policies may be transferred from one
home 152 to another home 152, such that the children’s
policies are implemented at either home. Further, in some
embodiments, the linking may include a master-slave
arrangement, where one house 152 controls the imple-
mented policies of another house 152. For example, in one
example, an adult child may be tasked with caring for an
elderly parent in another house 152. In this example, the
adult child may have authority over the policies imple-
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mented at the elderly parent’s home 152. For example, the
adult child may have authority to cause execution at the
elderly parent’s house a policy for presenting a reminder to
take medications at a particular time of day. In the current
example, home 174 is linked with home 176. Linked poli-
cies 178 to be implemented at the respective linked home are
provided to the household policy manager 154, where they
are provided as policies 180 to be implemented in the linked
environment.

As discussed above, in some embodiments, household
demographics may be used to determine particular policies
for a household. For example, different policies may be
desirable for a house with small children than a household
of all adults. Demographic information may include, for
example: occupant information such as: number of occu-
pants, gender of occupants, age of occupants, ethnicity of
occupants, etc. The demographic information 166 may be
provided to the household policy manager 154, which may
provide policies 182 based upon the demographics. For
example, as mentioned above, user-defined policies 164
associated with matching demographics 166 may be pro-
vided to house 184.

Additionally, household behavioral patterns 186 may be
used to provide policies. Observed behavioral patterns 186
may be provided to the household policy manager 154. The
household policy manager 154 may determine policies that
correspond to the behavioral patterns and provide suggested
policies 188 based on the behaviors 186. For example, one
policy may arise from an observation that a household
occupant attempts to reach their place of employment at
8:00 AM each work day. Based upon this detected behav-
ioral pattern 186, a policy may be provided to dynamically
adjust an alarm clock wait time based upon traffic delays,
etc.

Any number of policy provision schemes may be used
alone or in combination to provide policies to a household
policy equipped home 152. For example, while home 156 is
illustrated as being provided with policies based upon
household goals 158, the provided policies could further be
limited and/or supplemented based upon other criteria (e.g.,
limited based upon capabilities 170 of home 156 and/or
supplemented by behavior-based policies 188 of the home
156).

Further, policy provisioning and implementation may be
provided based upon varying degrees of efficiency versus
convenience and/or varying degrees of leniency. For
example, some users may wish to tightly control household
policy aspects while others would rather loosely control
policy implementation. In some embodiments, the house-
hold policy manager 154 may enable a user to confirm
and/or set each aspect of a policy prior to implementation.
Alternatively, the household policy manager 154 may enable
automatic policy implementation without user control and/
or confirmation. In some embodiments, a hybrid override
mode may be implemented that enables the user to halt
implementation of an automatically implemented policy
and/or override some or all aspects of an implemented
policy while maintaining execution of the policy.

FIG. 6 is a schematic drawing of a smart-home 200
having a local household policy manager 202. In the current
embodiment, the local household policy manager 202 does
not communicate over an external network (e.g., the Internet
205), as illustrated by the communications line 206. Instead,
the household policy manager 202 may include a policy
library containing a plurality of policies and/or an input/
output interface, such as a universal serial bus port and/or
storage card interface that enables stored policies to be
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provided to the household policy manager 202. For privacy
concerns, in some embodiments, it may be desirable to block
external communications from the household policy man-
ager 202. This may alleviate data privacy concerns regarding
household data.

Further, as mentioned above, detected patterns may be
useful in selecting policies for implementation within the
home 200. The house 200 is preferably equipped with
pattern detection circuitry 204, which may observe patterns
associated with the home 200. For example, the pattern
detection circuitry 204 may mine data from smart devices
206 of the home 200 to determine particular usage pattern of
the devices 206 and/or household activity patterns. The
pattern detection circuitry 204 may provide discerned pat-
terns to the household policy manager, which may select
and/or suggest policies corresponding to the patterns for
implementation.

As will be discussed in more detail below, in one embodi-
ment, the pattern detection circuitry 204 may detect that
water is typically left on when a member of the household
brushes their teeth. This pattern may be provided to the
household policy manager 202, which may suggest and/or
automatically implement a policy to provide notification to
members of the household when they leave the water on
when a member of the household brushes their teeth.
Capability-Based Policy Provision

As previously discussed in FIG. 5, some policy equipped
homes 152 may be provided/suggested policies based upon
the capabilities of the smart devices within the policy
equipped home 152. FIG. 7 is a flow diagram illustrating a
process 220 for implementing and/or suggesting policies
based upon capabilities of smart-devices within the house-
hold, in accordance with an embodiment. Further, FIG. 8 is
a schematic drawing of a household 250 capable of imple-
menting the process 220 of FIG. 7. FIGS. 7 and 8 will be
discussed together.

The process 220 begins by determining smart device
capabilities within the home 250 (block 222). The capabili-
ties may include basic functionalities and/or sensor types
(e.g., see, smell, hear, and/or imaging sensor, volatile
organic compound sensor, audio sensor, and the like) or the
capabilities may be more complex (e.g., determine room
occupancy from an infrared sensor). Further, the capabilities
may include a location where the functionalities may be
performed and/or where the sensors are located.

In one embodiment, the household policy manager 154 is
able to provide a poll request 252 to smart devices 254
within the home 250. The smart devices 254 may provide a
response 256 that defines the capabilities of the smart
devices 254. For example, the smart device 254 “D1” may
be a smart front-door lock. The smart device 254 “D1” may
provide a response 256 representing that the smart device
254 “D1” can provide occupancy detection and door locking
at a front door 258. Further, smart device 254 “D2” may be
positioned in a living room and may include a speaker that
is capable of alarming. Accordingly, the response 256 from
the smart device 254 “D2” may represent that the smart
device 254 “D2” can provide an alarm in the living room.

In other embodiments, the capabilities may be discerned
by obtaining an inventory of the available smart devices 254
within the home 250. Once the inventory of available smart
devices 254 is complete, an alternative source may be used
to discern capabilities for the smart devices in the inventory
based on their identities. For example, the household policy
manager 154 may discern that smart device 254 “D1” and
the smart device 254 “D2” are within the home 250. In one
embodiment, this discerning can be carried out by having a
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user enter their UPC (Universal Product Code) information
into a user interface. The household policy manager 154
may then obtain a listing of capabilities of these devices
from a database (e.g., local to or remote from the household
policy manager 154) based upon, for example, their UPC
(Universal Product Code) information. In other embodi-
ments, more automated methods for discernment can be
carried out, such as by inquiry-response communications
according to a standard protocol, such as a Thread or Weave
Protocol, by automated image recognition (e.g., a monitor-
ing camera can visually “see” that there is a particular smoke
detector or service robot within a room), and so forth.

Once the capabilities of the devices are determined,
available policies based upon the capabilities may be deter-
mined (block 224). For example, the household policy
manager 154 may select a subset of one or more policies that
may use the smart device capabilities from a superset of
policies contained in a policy library.

In some embodiments, user-defined policies may be cre-
ated using the available capabilities as inputs and/or outputs
to the policy. For example, referring back to the home 250,
a user-defined policy may be created through an interface,
where the interface provides the alarming, the occupancy
detection, and/or the locking functionalities as available
inputs and/or outputs. Accordingly, an example of a user-
defined policy might be: “When the occupancy detection
functionality determines that someone is at the front door,
provide an indication in the living room, via the alarm
functionality.”

Once the capability-based subset of policies is determined
(e.g., a subset is selected from a policy library and/or
user-defined policies are created), these policies may be
provided as a suggestion to a member of the home 250
and/or may be automatically implemented (block 226). For
example, as will be discussed in more detail below, the
household policy manager 154 may begin monitoring data
from the smart devices 254 and/or may begin controlling the
smart devices 254.

Demographic-Based Policy Provision

As discussed in FIG. 5, demographics may be used to
provide household policies. Demographics may include, for
example, age, gender, education, marital status, socio-eco-
nomic status, number in household, number in household
under age 18, language usually spoken at home, region of
residence, race, ethnicity, religious affiliation, rural vs.
urban, etc. FIG. 9 is a flow diagram illustrating a process 290
for obtaining policies based upon demographic information,
in accordance with an embodiment. Sensor data that may be
indicative of a household demographic may be obtained
(block 292). This sensor data may be analyzed to infer
demographic information about a household (block 294). By
way of example, a video monitoring camera placed in the
kitchen of the home can perform image processing on
several days or weeks worth of captured data to determine
how many different individuals it sees on a regular basis, to
establish how many occupants live in the house. Once the
demographic information is known, the demographics may
be used to select a subset of policies typically applicable for
the inferred demographics.

FIG. 10 is a schematic drawing illustrating an example, in
which a home 310 is equipped with a household policy
manager 154 that infers demographic information to obtain
relevant household policies, in accordance with an embodi-
ment. In the illustrated embodiment, sensor data (e.g., audio
signatures 312, 314, and 316) are obtained from a sensor
(e.g., microphone 318. Demographic detection circuitry 320
may infer 322 that there is 1 adult male (e.g., based upon the
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audio signature 316 being ascribed to a relatively low-pitch
voice signature), 1 adult female (e.g., based upon the audio
signature 316 being ascribed to a relatively mid-range pitch
voice signature), and 1 female child (e.g., based upon the
audio signature 316 being ascribed to a relatively high-pitch
voice signature). The demographic detection circuitry 320
may reside locally to the sensor (e.g., coupled to the micro-
phone 318), may reside between the sensor and the house-
hold policy manager 154, and/or may reside at the household
policy manager 154. Video data may optionally be used to
confirm or to help arrive at such conclusions.

This demographic inference 322 may be used by the
policy manager 154 to obtain policies 324 associated with
the particular demographic 322. For example, in the current
embodiment, the policy manager 154 may provide the
demographic information 322 to an external policy service
324, which may return a subset of policies 324 associated
with all or part of the demographics 322. In alternative
embodiments, the selection of demographic-applicable poli-
cies 324 may be local to the home 310.

In some embodiments, demographic information may be
obtained without inferring demographics based upon sensor
data. FIG. 11 is a schematic drawing of a graphical user
interface 350 for determining demographic information of a
household, in accordance with an embodiment. The graphi-
cal user interface 350 may be provided, for example, on a
smart device, such as a tablet computer, an alarm system
display panel, etc. The graphical user interface may include
any number of questions 352 regarding demographic infor-
mation of the household. In some scenarios, the graphical
user interface 350 may auto-populate demographic items
that the demographic detection circuitry 320 has inferred,
while allowing the user of the graphical user interface 350
to modify the demographic information.

Pattern-Based Policy Provision

Turning now to a discussion of pattern-based policy
provision, FIG. 12 is an schematic drawing illustrating an
example of a pattern-based policy implementation 370, in
accordance with an embodiment. In the embodiment of FIG.
12, the household policy manager 154 (or other pattern
detection circuitry) may detect a pattern. For example, in the
current embodiment, text messages 372 and 374 may pro-
vide an indication of an estimated home arrival time for a
member of the household (e.g., 5:30 PM) on different days.
The member of the household may arrive after the estimated
home arrival time on both days (e.g., 5:50 PM on the first
day and 6:00 PM on the second day). Accordingly, the
household policy manager 154 (or other pattern detection
circuitry) may detect a tardiness pattern. Accordingly, this
pattern may be used by the household policy manager 154
(or other policy provision service) to suggest a policy 370
based upon this pattern. For example, in FIG. 12, a policy
370 is suggested and/or automatically implemented to pro-
vide a text reminder to leave work at a time needed to get
home by any subsequently text-messaged estimated home
arrival time. By suggesting the policy 370 that provides a
reminder, an inferred negative pattern may be averted in the
future.

Household Awareness

Having discussed the manner in which household polices
may reach the smart-device environment 30, the discussion
now turns to obtaining relevant data from the smart devices
10 for implementing the policies.

As previously discussed, an inventory of smart devices
and/or sensors and their capabilities may be useful for
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constructing policies. FIG. 13 is a schematic drawing illus-
trating a graphical user interface 400 for attributing data
from the smart devices 10 to activities, events and/or attri-
butes within the smart-device environment 30, in accor-
dance with an embodiment. In the illustrated embodiment,
the interface 400 includes an indication of the various smart
devices and/or sensors in a house. For example, a basic
home mock-up 402 may provide an illustration 404 of rooms
and placement 406 of smart devices and/or sensors. Further,
the graphical user interface 400 may provide an indication of
capabilities of the smart devices and/or sensors. For
example, the embodiment of FIG. 13 includes capability
clouds 408 indicating functionalities of smart devices and/or
sensor. In the illustrated example, the capability cloud 408'
provides the capabilities of a ceiling mounted camera. The
capabilities include audio playback (as illustrated by the
speaker icon), video monitoring (as illustrated by the eye
icon), and audio monitoring (as illustrated by the micro-
phone icon). Capability cloud 408" illustrates a door lock
smart device that can lock/unlock (as indicated by the pad
lock icon) and provide occupancy detection at the lock (as
indicated by the “OD” icon).

The capabilities of the smart devices 10 may be used to
provide awareness within the smart-device environment 30.
For example, audio signals received at a microphone of one
smart device 10 may be associated with a particular house-
hold occupant. As mentioned in the discussion of FIG. 10,
a detected voice pitch (e.g., audio signature 312) may be
associated with a particular household occupant (or particu-
lar type of household occupant (e.g., a male or female
child)). In other examples, optical recognition (e.g., facial
recognition or other image-based recognition), digital device
presence (e.g., presence of electronic devices associated
with a particular person), or other inputs may be associated
with a particular household occupant or particular type of
household occupant.

In the example graphical user interface (GUI) 400 of FIG.
13, an awareness prompt 410 is generated. The awareness
prompt 410 may prompt a user of the GUI 400 whether the
system should attribute one or more inputs 412 from the
smart devices 10 as a particular activity, event, and/or
attribute 414 of the household. For example, the prompt 410
is used to determine a relationship between an audio signa-
ture 412 and a particular household member named Sydney.
When the awareness prompt 410 is confirmed (e.g., by a user
selecting the “Yes” icon 416), an awareness rule 418 may be
generated (e.g., in a database or data file 420) to link the
input 412 with the particular activity, even, and/or attribute
414 of the household. In some embodiments, when the
awareness prompt 410 is rejected (e.g., by a user selecting
the “No” icon 420), an awareness rule 422 may be generated
(e.g., in the database or data file 420) to refuse a link
between the input 412 with the particular activity, even,
and/or attribute 414 of the household.

In some embodiments, an awareness module 422 (e.g.,
hardware circuitry and/or software executed via a processor
from tangible, non-transitory storage) may generate aware-
ness rules 422 without an awareness prompt 410. For
example, the awareness module 422 may receive inputs 412
(e.g., from one or more smart devices 10) and automatically
generate awareness rules 418 without input from a user of
the GUI 400. Automatic awareness rules 418 may be useful
when there is high confidence that the inputs 412 should be
associated with the particular activity, even, and/or attribute
414 of the household.

Once the awareness rules 412 are in place, reporting
and/or control rules 424 may be created. The reporting
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and/or control rules 424 (e.g., household policies) may
provide reporting when a certain particular activity, event,
and/or attribute 414 of the household occur. Further, these
rules 424 may trigger events based upon the particular
activity, event, and/or attribute 414. For example, in the
illustrated embodiment, a front door rule specifies that a
door is to remain locked when Sydney is home alone. Thus,
awareness of Sydney’s lone occupancy in the household
triggers persistent locking at the front door. Any number of
events can be triggered by the rules 424. Rules 424 may
trigger functionalities of smart devices (e.g., smart devices
426), processor-based functionalities (e.g., sending an email,
posting a comment on social media, setting a calendar entry,
providing a cellular phone notification, etc.), and so forth.

As may be appreciated, reporting and/or control based
upon household policies may rely on sensor confidence
regarding household awareness. FIGS. 14-16 illustrate pro-
cesses for providing sensor confidence and/or sensor confi-
dence improvement, in accordance with certain embodi-
ments. FIG. 14 is a flow diagram illustrating a process 480
for providing sensor confidence related to a particular policy,
in accordance with an embodiment. First, a level of sensor
awareness confidence is determined for existing policies
(e.g., the rules 424 to be implemented within the household)
(block 482). Sensor awareness confidence is a level of
confidence that particular sensor inputs 412 may accurately
be associated with the particular activity, event, and/or
attribute 414 for the policies to be implemented. For
example, in the door locking rule 424 of FIG. 13, sensor
awareness confidence may relate to a) detecting Sydney’s
presence within the home and/or b) whether there is only one
person (e.g., Sydney) currently occupying the home. For
some embodiments, each sensor awareness confidence level
can be expressed as a single scalar percentage metric, while
for other embodiments it can be expressed as a multiple-
feature vector whose components can be processed to arrive
at the single scalar percentage metric, or that can be pro-
cessed individually or in sub-groups to arrive at various
component-level confidence determinations.

Once the confidence level is determined, a determination
is made as to whether the confidence level meets a confi-
dence threshold (decision block 484). For example, confi-
dence may be increased by observing additional inputs 412
that may be attributed to the particular activity, event, and/or
attribute 414 for the policies to be implemented. If the
environment has not experienced enough input 412 data to
provide a threshold level of subsequent awareness (e.g., the
confidence level has not met a confidence threshold), moni-
toring may be continued and adjustments to input 412 ranges
associated with the particular activity, event, and/or attribute
414 for the policies to be implemented may occur (block
486).

Once an awareness confidence level meets a threshold
confidence level, the existing policies using the awareness
may be implemented (block 488). For example, in the door
locking example of FIG. 13, the door may be locked when
the smart environment is sufficiently confident that Sydney
is home alone.

In addition to implementing policies upon a particular
sensor confidence threshold, it may be beneficial to predict
sensor confidence prior to implementation of a particular
household policy. FIG. 15 is a flow diagram illustrating a
process 500 for presenting a predicted sensor confidence for
a new policy, in accordance with an embodiment. First, a
particular household policy or set of policies is selected
(block 502). Next, a determination is made as to the sensor
attributes needed to discern the conditions (e.g., inputs
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sourced from smart devices 10) (block 504). For example, in
the door locking example of FIG. 13, sensor attributes
relating to 1) identifying Sydney as an occupant and 2)
identifying that an occupant is home alone may be needed.
Accordingly, video data, audio data, infrared data, etc. useful
for identifying an occupant as Sydney and/or a quantity of
occupants may be obtained in the determination step of
block 504. In some embodiments, the needed sensor attri-
butes may be discerned by forming an aggregation of
awareness rules 418 for a particular household policy.

Once the sensor attributes are determined, a determination
is made as to the level of precision with which the deter-
mined sensor attributes may be observed (block 506. For
example, low quality audio and/or video sensors may be less
precise in observing audio and/or video attributes, especially
in noisy and/or low-light environments. Further, infrared
sensor precision may be affected by environmental vari-
ables. Accordingly, to determine precision of sensor attribute
observation, sample data may be obtained from the smart
devices 10, which may be analyzed for data quality (e.g.,
precision of detail in the data).

Based upon the determined precision, an indication of
predicted sensor confidence for obtaining the sensor attri-
butes for the policy may be provided (block 508). For
example, the predicted sensor confidence indication may
include a indication that a living room camera may have a
50% chance of correctly identifying Sydney as the occupant.

The predicted sensor confidence may be useful in deter-
mining potential modifications to a sensor arrangement
and/or environmental arrangement, such that increased sen-
sor confidence may be obtained. For example, sensor vari-
ables such as placement, number of sensors, etc. may be
modified to increase sensor confidence. Further, environ-
mental variable such as, lighting, noise levels, etc. may be
altered to increase sensor confidence. FIG. 16 is a flow
diagram illustrating a process 520 for suggesting modifica-
tions to enhance sensor confidence, in accordance with an
embodiment.

The process 520 begins by determining the predicted
sensor confidence (e.g., via the process 500 of FIG. 15)
(block 522). Next, variables that would increase the sensor
confidence are determined (block 524). For example, in
some embodiments, a number of variables associated with
particular devices may be provided that alter the precision of
the sensors. For example, noise attributes for audio sensors
and/or light for video sensors. In some embodiments, envi-
ronmental variables, such as environment temperature, room
size, etc. that may alter sensor precision may also be
provided.

Next, variable modifications may be suggested to obtain
better attribute observation (block 526). For example, in
audio sensors, interference (e.g., audio noise) may result in
less sensor precision. Based upon samples obtained during
the process 500, it may be determined that there are noisy
components (e.g., an overhead fan) near the audio sensor.
Accordingly, replacement of the audio sensor to a less noisy
area may be suggested.

The modification suggestions may be made in a number
of ways. In some embodiments, a user interface (e.g., a
graphical user interface, an audio interface, etc.) may pro-
vide the suggestions. Further, the suggestions may be pro-
vided via one or more of the smart devices 10 or other
electronic devices associated with the household. FIG. 17 is
a schematic drawing illustrating examples of suggestions
540, 542, 544, and 546 that may be result of the process of
FIG. 16, in accordance with an embodiment. The sugges-
tions 540, 542, 544, and 546 may be a communicative
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message provided to one or more household members. For
example, the suggestions 540, 542, 544, and/or 546 may be
a text message, pop-up notification, or audio track provided
via a household member’s smart phone or other electronic
device.

As mentioned above, the suggestions may include sensor
and/or environmental variable modifications. For example,
suggestions 540, 542, and 544 each illustrate sensor modi-
fications, while suggestion 546 illustrates an environmental
modification suggestion. Suggestion 540 provides a sugges-
tion to add additional sensors for increased accuracy. Sug-
gestion 542 suggests that a sensor be re-positioned in an
alternative location (e.g., from bathroom 1 to bedroom 3).
Suggestion 544 suggests that a sensor be re-oriented, pro-
viding an orientation illustration 548.

In contrast, the environmental modification suggestion
546 suggests environmental changes. In the example sug-
gestion 546, an ambient light modification may increase the
awareness accuracy of the sensors (which may, for example,
increase the ability of a video monitoring device to yield
images or image sequences with better dynamic range from
which faces may be better recognized). Other environmental
changes might include a temperature adjustment, noise
adjustment, etc.

Additionally, the suggestions may provide an indication
of approximate improvement (e.g., 72% improvement in
suggestion 540 and/or confidence improvement from 63% to
98% in suggestion 542) or may provide a general indication
of improvement (e.g., suggestions 544 and 546). In some
embodiments, the suggestion may provide a modification
without providing an indication of improvement.

When modifications are made to the smart home envi-
ronment (e.g., based upon the suggestions of FIG. 17,
adjustments may be needed to properly associate the sensor
attributes with a policy condition. FIG. 18 is a flow diagram
illustrating a process 560 making adjustments based upon
manual modifications of a policy, in accordance with an
embodiment. First, a policy may be implemented according
to a set of association rules and controls, as described above
with regards to FIG. 13 (block 562). A determination is made
as to whether modifications are detected within the envi-
ronment (decision block 564). For example, the system may
determine that the orientation of a sensor, the location of a
sensor, etc. has changed.

When no changes are detected, the policy implementation
continues (block 562). However, when a modification is
detected, a determination is made as to whether the modi-
fication warrants a change to the policy (e.g., to the asso-
ciation rules used for reporting and/or control in the policy)
(decision block 566). In one example, when an audio sensor
is moved from a bedroom to a bathroom, additional audio
interference (e.g., from a running sink) may be present.
Accordingly, the association rules may be updated to filter
out audio signals from a running sink when associating
sensor data with a particular policy condition.

If no modifications to the policy are needed, the policy
implementation continues (block 562). However, when a
modification is needed, an adjustment may be made to the
policy (block 568). For example, in the audio sensor
example, an audio filtering may be added to association rules
for the audio sensor. In the case of additional sensors being
added to the system, new association rules may be added to
account for data obtained via the new sensors. Once the
adjustments are made, the policy is implemented with the
new adjustments (block 562).
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Context-Based Awareness Embodiments

Turning now to a more detailed discussion of particular
awareness processes, FIG. 19 is a flow diagram illustrating
a process 590 for monitoring and becoming aware of activi-
ties of a household, in accordance with an embodiment.
First, a sensor input that is indicative of a particular activity
is detected (block 592). For example, an infrared input, a
video input, and/or an audio input may indicate occupancy
within a room of a household. Next, characteristics of the
activity are inferred using characteristics of the input (block
594). These inferred characteristics may provide an indica-
tion whether or not a household policy condition (or a
portion of a household policy condition) is met. For
example, an infrared signature, audio signature, and/or video
signature may be used to identify a particular household
member occupying a room. The inferred characteristics may
be recorded and/or reported (block 596) (e.g., to the house-
hold policy manager, which may provide reporting and/or
control within the household system).

Particular inferences may be made based upon the context
of the sensors (e.g., the sensor placement within the house
or other contextual information regarding the sensors). FIG.
20 is a schematic drawing illustrating policies implemented
according to locational zones, in accordance with an
embodiment. In one example, the smart-device environment
30 may be broken up into localized zones, such as a dining
room zone 610, a living room zone 612, office zone 614,
kitchen zone 616, bathroom zone 618, and bedroom zones
620 and 620'. Further, zones may encapsulate multiple
rooms and/or areas. For example, in the embodiment of FIG.
20, a whole-house zone 622 is present. Further, an upstairs
zone 624 and a zone 626 including all bedrooms is included.

The various zones may be used differently to provide
awareness to the household policy management system. For
example, awareness of a particular occupant’s presence may
be discerned using similar association rules when the zones
are similar. However, when the zones differ (e.g., different
ambient light and/or noise), the association rules may vary
from zone to zone.

Further, a context of a particular zone may provide
additional insight into the activities, events and/or charac-
teristics to be inferred. For example, when an occupant is in
the dining room zone 610, it may be more likely that the
occupant is eating dinner than performing other activities
(e.g., watching television). Similarly, an occupant in a
bathroom is more likely to be brushing their teeth than
performing other activities (e.g., eating dinner). Accord-
ingly, a zonal context may be used in the inference of
activities, events, and/or characteristics of the house.

Turning now to a more focused discussion of zonal
inferences, FIG. 21 is a schematic drawing of a household
policy system 640 having a dining zone 610, in accordance
with an embodiment. FIG. 22 is a flow diagram illustrating
a process 650 for monitoring dining, in accordance with an
embodiment. Because they are related, FIGS. 21 and 22 will
be discussed together.

As illustrated the dining zone 610 may have one or more
sensors (e.g., smart devices 10) that may accumulate data
from the dining room zone 610. For example, the smart
devices 10 in the zone 610 may include video sensors, audio
sensors, infrared sensors, vapor detection sensors (e.g., VOC
and/or other compound detection and identification sensors),
etc.

In some embodiments, it may be beneficial to become
aware of household eating patterns (e.g., whether the house-
hold eats at scheduled times, whether the household eats in
the dining room, whether the household eats together, etc.).
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Using the smart devices 10, the system 640 may monitor the
dining room for activity (e.g., changes to the smart device
sensor inputs) (block 652). Upon detecting such activities, a
context of the activity is inferred (block 654). For example,
an audio signature matching a dining chair 642 movement
across a floor 644 may suggest that an occupant is sitting in
the chair 642 (e.g., because the occupant may have presum-
ably moved the chair 642 to sit in it). Indeed, video inputs
may confirm and/or identify that occupants are sitting in the
chair 642 and/or at the table 646. Additionally, smart device
10 inputs may be used to obtain a number of contextual
clues, such as utensil movement, conversation content,
vapor detection, etc. For example, in one embodiment, the
vapor sensors may detect the presence of food within the
dining room zone, which may indicate that a meal is being
consumed in the dining room zone 610.

Based upon the determined context, particular awareness
questions may be determined. For example, in the process
650, a determination is made as to whether the context
suggests that one or more household occupants is eating a
meal (decision block 656). Any number of decision blocks
656 may exist, depending on particular inferences that are to
be made for use with the household policies. For example,
an additional decision block 656' may determine whether the
context suggests that an occupant is working at the dining
room table, etc.

When the decision block (e.g., decision block 656) is
answered in the affirmative, an inference is made, ascribing
the inputs to the activity of the decision block. For example,
in the process 650 when the context suggests that a meal is
being eaten in the zone 610, the activity in the dining room
is ascribed to eating a meal (block 658) and is reported
and/or stored for use by the household policy manager
(block 660). As will be discussed in more detail below, the
reported and/or stored findings may be useful for reporting
and/or control activities sourced from the system (e.g., the
household policy manager 154).

Turning now to the living room context, FIG. 23 is a
schematic drawing of a system 670 for monitoring activities
in a living room zone 612, in accordance with an embodi-
ment. As illustrated in FIG. 23, the living room zone 612
may have one or more sensors (e.g., smart devices 10) that
may accumulate data from the zone 612. For example, the
smart devices 10 in the zone 612 may include video sensors,
audio sensors, infrared sensors, vapor detection sensors, etc.
In addition, a television 672 may be a smart device 10,
capable of providing data relating to the television 672
and/or the living room zone 612.

The sensors may be used to become aware of activities,
events, and/or characteristics of the living room zone 612.
For example, FIGS. 24 and 25 are flow diagrams illustrating
processes for monitoring television use, in accordance with
an embodiment. In FIG. 24, a process 700 for television
usage awareness is provided. When a determination is make
that individuals are in a room with a television (e.g., in the
living room zone 612) (block 702), a determination is made
as to whether the television 672 is on (decision block 704).
Block 702 may discern occupancy via any number of
occupancy detection mechanisms, such as infrared changes
attributable to an occupant, audio signatures representative
of an occupant, video signatures representative of an occu-
pant, etc. Further, a particular identity of an occupant may be
discerned in block 702. For example, an audio and/or video
signature representative of a particular occupant may be
used to identify the occupant.

Further, the determination regarding whether the televi-
sion 672 is on may be discerned based upon data provided
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by the television 672 and/or data obtained by the other
devices 10 (e.g., video detection of an active television 672
screen and/or audio from the television 672 speakers). If the
television 672 is not on, monitoring continues until there are
changes in the television 672 status. When the television 672
is on, the system may determine whether there is a pre-
scribed television 672 allotment for the household and/or a
particular household member occupying the zone 612 (deci-
sion block 706). If there is no prescribed allotment, process-
ing continues, as will be discussed below.

When there is a prescribed allotment, the system may
report and/or record the television 672 usage as part of the
prescribed allotment (e.g., the household policy manager
154 (block 708). Accordingly, the system (e.g., the house-
hold policy manager 154) may subsequently control the
television 672 based upon the allotment and usage, as will
be described in more detail below.

In conjunction with (or independently with) the allotment
and usage awareness, the processing may include a deter-
mination of whether or not activities (e.g., watching televi-
sion) are being performed alone or as a group (decision
block 710). For example, if multiple occupants are detected,
the activity may be attributed to an activity that is performed
with other household members (block 712). When there is a
single occupant, the activity may be ascribed to an activity
that is performed alone (block 714). In either case, the
ascribed findings may be reported and/or recorded (e.g., to
the household policy manager 154) (block 716).

It may be beneficial to become aware of additional
information when non-parental supervision is present.
Accordingly, awareness may heightened when non-parental
supervision is present. FIG. 25 illustrates another living
room awareness process 730 providing such heightened
awareness.

Similar to process 700, the system may determine who is
in the living room zone 612 (block 732). Further, the system
may discern whether the television 672 is on (decision block
734).

The process 730 may include a determination (block 736)
of whether children are being supervised by parents or
non-parents (e.g., a babysitter or grandparents). If the chil-
dren are being supervised by parents, monitoring continues
until non-parental supervision occurs.

When non-parental supervision is present, alternative
awareness may occur. For example, in the illustrated
embodiment, heightened awareness of television usage is
inferred (block 768). For example, the heightened television
672 awareness may include awareness regarding: content
being watched, an amount of time of television 672 usage
during the non-parental supervision, who is participating in
the television 672 usage, etc. This awareness may be
reported and/or recorded to the system (e.g., for subsequent
reporting and/or control by the system) (block 740).

Turning now to an office context, FIG. 26 is a schematic
drawing of a system 770 for monitoring office zone 614
activities, in accordance with an embodiment. The zone 614
may have one or more sensors (e.g., smart devices 10) that
may accumulate data from the office zone 614. For example,
the smart devices 10 in the zone 614 may include video
sensors, audio sensors, infrared sensors, vapor detection
sensors, etc. Additionally, the zone 614 may include one or
more computers 772 and/or handheld electronic devices
774. The zone 614 may include a desk 776 and/or a chair
778.

Awareness of activities, events, and/or characteristics of
the zone 614 may be useful in household policies. FIG. 27
is a flow diagram illustrating a process 780 for monitoring
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office activities, in accordance with an embodiment. One
activity of interest may be internet usage awareness, which
may be obtained via blocks 782. Another activity of interest
may be awareness regarding working, which may be
inferred using blocks 784.

Discussing first the internet usage awareness, internet
activity may be detected (block 786). This may be done by
monitoring network packets, by observing computer 772
and/or electronic device 774 communications, etc.

An individual causing the internet activity is then deter-
mined (block 788). For example, if the computer 772 and/or
electronic device 774 is determined to be the device causing
internet activity, a household member operating the com-
puter 772 and/or electronic device 774 may be discerned. In
some embodiments, this may be done by determining a
currently executed login credential for the computer 772
and/or electronic device 774, determining a user typically
associated with the computer 772 and/or electronic device
774, and or by using a smart device 10 to identify an
individual interacting with the computer 772. Findings
regarding the internet usage may be reported and/or
recorded for subsequent control and/or reporting (block
790).

Turning now to awareness regarding working, an analysis
of sensor data may be used to determine if a household
member is working (block 792). For example, an audio
signature of keyboard clicking, a desk chair moving, and/or
papers shuffling etc. may indicate that someone is working.

Next, a particular household member may be identified as
the person doing the work (block 794). For example, the
member may be identified based upon image recognition
(e.g., a video signature), audio recognition (e.g., an audio
signature), etc. Any findings may be recorded and/or
reported for subsequent control and/or reporting by the
system (block 790).

Turning now to a kitchen context, FIG. 28 is a schematic
drawing of a system 800 for monitoring activities in a
kitchen zone 616, in accordance with an embodiment. The
kitchen zone 616 may include one or more sensors (e.g.,
smart devices 10) that may accumulate data from the kitchen
zone 616. For example, the smart devices 10 in the zone 616
may include video sensors, audio sensors, infrared sensors,
vapor detection sensors, etc. Additionally, the zone 616 may
include a refrigerator 802, a pantry, 804, and kitchen appli-
ances 806, which may be monitored by the smart devices 10.
In some embodiments, the refrigerator 802 and/or the appli-
ances 806 may be smart devices 10 capable of providing
data to the system 800.

FIG. 29 is a flow diagram illustrating a process 810 for
monitoring activities in the kitchen zone 616, in accordance
with an embodiment. One or more attributes of the refrig-
erator may be determined (block 812), the term “attributes”
including activities or events associated with the refrigerator
in addition to features or characteristics. For example,
attributes such as when the refrigerator door is opened
and/or closed, a duration that a door is opened, an amount of
water dispensed through a water dispenser, a level of ice in
the ice maker, etc. may be determined.

Additionally or alternatively, attributes of the pantry 804
may be determined (block 814). For example, attributes such
as when the pantry 804 is opened/closed, duration that
pantry 804 is open, items removed and/or added to the
pantry 804, etc. may be obtained.

Further, attributes of the appliances 806 may be deter-
mined (block 816). For example, attributes such as status of
the appliances 806 (e.g., on or off), duration of utilization of
the appliances 806, etc. may be obtained.
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Using the determined attributes of the refrigerator 802,
the pantry 804, and/or the other appliances 806, additional
information may be discerned. Any findings of the zone 616
may be recorded and/or reported to the system (e.g., for
subsequent reporting and/or control by a household policy
manager 154.

Turning now to the bathroom zone 618 context, FIG. 30
is a schematic drawing of a system 830 for monitoring
activities of the bathroom zone 618, in accordance with an
embodiment. FIGS. 31-33 are flow diagram illustrating
processes for monitoring bathroom activities while preserv-
ing personal privacy, in accordance with embodiments. The
bathroom zone 618 may include one or more sensors (e.g.,
smart devices 10) that may accumulate data from the bath-
room zone 618. For example, the smart devices 10 in the
zone 618 may include video sensors, audio sensors, infrared
sensors, vapor detection sensors, etc. Additionally, the zone
618 may include lighting 832, one or more sinks 834, a
shower 836, a bathtub 838, and/or a toilet 840. In some
embodiments, the lighting 832, the one or more sinks 834,
the shower 836, the bathtub 838, and/or a toilet 840 may be
smart devices 10.

One activity, event, or characteristic that may be interest-
ing regarding household policies may be water usage. FIG.
31 provides a process 850 for determining water usage
attributes for a bathroom zone 618. The process 850 begins
by detecting running water (block 852). For example, this
may be determined based upon vibration analysis (e.g. of
pipes), audio signatures, and/or video signatures within the
bathroom zone 618.

The running water may be attributed to a particular
water-based application (e.g. a sink 834, a shower 863, a
bathtub 838, and/or a toilet 840) (block 854). For example,
this may be accomplished based upon a determination of an
approximate location of the running water, etc. Any findings
regarding the water usage may be reported and/or recorded
within the system (e.g., for subsequent control and/or report-
ing by the household policy manager 154) (block 856).

Another bathroom zone 618 characteristic of interest may
be light usage. FIG. 32 provides a process 860 for deter-
mining light usage within a zone. First, light usage is
detected (block 862). In the case where the lighting 832 is
a smart device 10, the lighting 832 may provide light usage
data to the system. Additionally and/or alternatively, light
usage may be detected via infrared sensors and/or video
(e.g., imaging sensors).

Characteristics regarding the light usage may also be
determined (block 864). For example, the time of day,
occupancy information (e.g., who is occupying the zone),
ambient lighting conditions, lighting level adjustments,
lighting duration, etc. may be determined. These findings
may me reported and/or recorded within the system (e.g., for
subsequent control and/or reporting by the household policy
manager 154) (block 866).

FIG. 33 illustrates an example of process 880 for aware-
ness regarding a bathroom zone 618 activity. Specifically,
the embodiment of FIG. 33 begins by detecting that an
occupant of the zone 618 is brushing their teeth (block 882).
For example, an audio signature and/or video signature may
be associated with the sounds and/or images of teeth brush-
ing in the zone 618. Next, additional characteristics may be
determined (e.g., the sink 834 being left on, a duration of
teeth brushing, a speed of teeth brushing, etc.) (block 884).
These findings may me reported and/or recorded within the
system (e.g., for subsequent control and/or reporting by the
household policy manager 154) (block 886).
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Reported and/or recorded activities/findings may be com-
piled, such that complex findings may be obtained. FIG. 34
is a flow diagram illustrating a process 900 for reporting
compiled activities, in accordance with an embodiment. The
process 900 begins my compiling the reported and/or
recorded findings provided to the system (e.g., each finding
from every room and/or device in the house) (block 902).
The compiled findings may be filtered based upon common
activities, events, and/or characteristics. For example, find-
ings may be filtered based upon a particular household
member being involved in the activity (e.g., all of Allie’s
activities), based upon household member activities (e.g.,
brushing teeth), and/or events (e.g., active Internet usage
and/or activated lights).

The compiled findings may be used to determine indi-
vidual activity allocations (e.g., all of Allie’s activities or all
of Allie’s teeth brushings) (block 904). Further, the compiled
findings may be used to determine household activity allo-
cations (e.g., household utility consumption, etc.) (block
906). The individual activity allocations and/or household
activity allocations may be reported and/or recorded (block
908) for use by the system. For example, FIG. 35 is a
schematic drawing of a graphical user interface 910 useful
for reporting compiled activities, in accordance with an
embodiment. In the interface 910, a household member’s
(e.g., Allie’s) activities are displayed by the pie chart 912.
Further, the pie chart portion 914 provides further charac-
teristics and/or details relating to the portion 916 of the chart
912. In the illustrated embodiment, details relating to Allie’s
internet usage are more particularly detailed in the portion
914.

Inferred Activities

In some situations, observed characteristics, behaviors,
and/or activities may be used to infer other characteristics,
behaviors, and/or activities. For example, some monitored
activities may not be directly observable, but may be moni-
tored indirectly via inferences made by the household policy
manager.

For example, in one embodiment, mischief may be
inferred based upon observable activities of individuals in a
household. FIG. 36 is a flow diagram illustrating a process
930 for detecting child mischief, in accordance with an
embodiment. Specifically, the process 930 begins by detect-
ing child occupancy or occupancy of other classes of occu-
pants to be monitored (block 932). In some embodiments,
these classes of occupants may be determined based upon
audio monitoring, optical (e.g., video) monitoring, or other
monitoring (e.g., infrared occupancy monitoring). For
example, characteristics of audio signatures, such as speech
patterns, pitch, etc. may be used to discern child occupancy.
Next, the occupants may be monitored, specifically listening
for low-level audio signatures (e.g., whispering or silence),
while the occupants are active (e.g., moving or performing
other actions) (block 934). Based upon the detection of these
low-level audio signatures combined with active monitored
occupants, the system may infer that mischief (e.g., activi-
ties that should not be occurring) is occurring (block 936).

In some embodiments, some particular activities or other
context may be used to infer that mischief is occurring, or to
exclude an inference that mischief is occurring. For
example, it may be expected that certain activities be per-
formed in quiet, thus indicating that the quiet activity is
unlikely to be mischief. For example, reading a book,
mediating, etc. are oftentimes performed in quiet. Addition-
ally, contextual information such as occupancy location may
be used to exclude an inference of mischief. For example, if
the occupancy occurs in a library, study, or other area where
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quiet activity may be expected, inference of mischief may be
excluded. Accordingly, when these activities are performed,
the system may infer that mischief is not occurring, despite
low-level audio signatures in parallel with active occupants.

Additionally or alternatively, in some embodiments, par-
ticular activities or other contextual information may be
used to provide a stronger inference of mischief. For
example, when children are near a liquor cabinet or are in
their parents’ bedroom alone, the system may infer that
mischief is likely to be occurring.

Upon inferring that mischief is occurring, the system may
report and/or record the findings for subsequent use (block
938). For example, the findings may be used in household
reporting, near real time notification, or may be used to
control smart devices within the home (e.g., provide a verbal
warning regarding the inferred mischief via a speaker of a
smart device (e.g., a smoke detector). Accordingly, the
finding may lead to deterrence of further mischief within the
home.

It may be beneficial to monitor the emotional state of
occupants within a household. FIG. 37 is a flow diagram
illustrating a process 960 for inferring an emotional state of
occupants, in accordance with an embodiment. Certain
contextual queues of individual occupants may be used to
infer the emotional state of household occupants. For
example, crying may signify a sad emotional state, whereas
laughing may signify a happy emotional state.

Further, some general cultural norms, which can often be
keyed to household location, may be used in universally
inferring an emotional state of household occupants. For
example, a head nod up and down in a household located in
a first country of the world may signify an agreeable state,
whereas a head nod side to side may signify the same
agreeable state in a household located in a second country of
the world.

As mentioned above, emotional state may be more accu-
rately inferred by understanding a context of the occupant.
Accordingly, the process 960 may optionally begin by
discerning an identity or class (e.g., sex, age, nationality,
etc.) of the occupant (block 962).

The process 960 also includes detecting emotional context
data (block 964). For example, optical indicators of facial
expressions, head movement, or other activities of occupants
may be used to infer an emotional state. Additionally, audio
queues, such as audio signatures of crying, laughing,
elevated voices, etc. may be used to infer emotions. Further,
infrared information, such as body temperature, etc. may be
used in an emotional state inference.

Based upon the obtained emotional context data, an
inference may be made as to the occupant’s emotional state.
As mentioned above, the inference may be generalized (e.g.,
based upon context clues for an entire class of occupants) or
may be particularly tailored for a particular occupant. For
example, a generalized inference of a happy emotional state
of the occupant may be made when a visual indication of
laughter and/or an audio indication of laughter is obtained.
In contrast, particularly tailored inferences may look at the
emotional context data in view of a particular occupant’s
known characteristics. For example, the system may know
that Sue cries both when she is happy and when she is sad.
Accordingly, the system may discern that an inference of
Sue’s emotional state based upon crying alone would be
weak. However, the system may also know that Sue typi-
cally smiles when she is happy and maintains a straight face
when she is sad. Accordingly, when a visual indication
shows that Sue is crying and has a straight face, the system
may infer that Sue is sad. This inference may be different for
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other occupants, because the particularly tailored example
uses particular emotional indicators of Sue.

Upon inferring the emotional state of the occupant, the
system may report and/or record the findings for subsequent
use (block 968). For example, the findings may be used in
household reporting, near real time notification, or may be
used to control smart devices within the home.

In some embodiments, it may be beneficial to monitor
bullying. FIG. 38 is a flow diagram illustrating a process 980
for detecting bullying and/or other undesirable actions, in
accordance with an embodiment. The process 980 begins
with monitoring contextual data (block 982). For example,
audio monitoring, optical monitoring, infrared monitoring,
etc. may be used to discern occupancy and undesirable
activities of the occupants. In one embodiment, the contex-
tual data may include audio signatures indicating “bully”
keywords such as derogatory name-calling, elevated voices,
etc. Accordingly, the system may monitor for and detect the
use of such “bully” keywords (block 984). Additionally, in
some embodiments, the contextual data may include audio
signatures indicating the use of foul language. Accordingly,
the system may monitor for and detect the use of such foul
language by the occupants (block 986). In some embodi-
ments, the contextual data may include the identity of the
individuals interacting with one another. Accordingly, the
system may detect the identities of the individuals occupy-
ing the space where the undesirable activities may be
occurring (block 988). Based upon the contextual data, an
inference may be made that bullying and/or other undesir-
able activities are occurring (block 990). The findings of this
inference may be reported and/or recorded for subsequent
use (block 992).

In some embodiments, it may be desirable to detect
interaction with undesirable substances. For example, it may
be desirable to understand when occupants are interacting
with undesirable substances. FIG. 39 is a flow diagram
illustrating a process 210 for inferring interaction with
undesirable substances, in accordance with an embodiment.
Process 210 begins by detecting occupancy in an environ-
ment (block 212). Additionally, the process 210 includes
monitoring for contextual data related to interaction with
undesirable substances (block 214). For example, a chemical
detection system/volatile organic compound sensor may be
used to detect the presence of undesirable activities (e.g.,
poisonous compounds, alcohol, tobacco, etc.). Additionally,
the contextual data may include: occupancy in proximity to
locations where such undesirable substances are stored (e.g.,
occupancy near a liquor cabinet, near a kitchen cabinet
containing poisonous kitchen cleaning products, etc.); visual
indication of interaction between the occupant and the
undesirable substance; etc. Based upon the contextual data,
the system may infer interaction of an occupant with the
undesirable substances (block 216). Accordingly, the infer-
ence may be reported and/or recorded for subsequent report-
ing and/or control (block 218).

Additionally, the system may be used to monitor chore
completion. FIG. 40 is a flow diagram illustrating a process
240 for detecting chore completion status, in accordance
with an embodiment. The process 240 begins with moni-
toring contextual data associated with daily chores (block
242). For example, on trash pickup days, the system may
monitor for data such as audio and/or video associated with
the removal of trash bags from a trashcan. Another example
may include monitoring audio and/or video of dusting
activities, vacuuming activities, mopping activities, etc. Fur-
ther, the contextual data may include audio and/or video data
indicating study/homework activities, instrument practice,
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etc. Based upon the contextual data, inferences may be made
regarding whether chores have been completed (block 244).
The inferences may be reported and/or recorded for subse-
quent reporting and/or control (block 246).

FIG. 41 is a flow diagram illustrating a process 250 for
monitoring medical symptoms, in accordance with an
embodiment. First, contextual data associated with medical
conditions may be monitored (block 252). For example,
certain movement patterns have been associated with
Alzheimer’s disease. In some embodiments, the system may
monitor household occupants” movement patterns and com-
pare these movement patterns with those associated with
Alzheimer’s disease. In other embodiments, the system may
track audible and/or visual cues associated with maladies,
such as: coughing, sneezing, aching, etc.

Next, based upon the monitored contextual data, an
inference may be made regarding medical diagnosis of one
or more occupants of the household. For example, when an
occupant’s movement patterns match those of the movement
patterns associated with Alzheimer’s disease, the system
may infer a higher probability that the household occupant
has the disease. Further, upon attributing coughs and/or
sniffing, for example, by a household occupant, the system
may infer that the occupant is acquiring a cold and/or
influenza. The inference may be reported and/or recorded for
subsequent use in the system.

Situational Observation

In some instances, when particular situations arise, addi-
tional monitoring/inferences may be desired. FIG. 42 is a
flow diagram illustrating a process 260 for situational moni-
toring, in accordance with an embodiment. The process 260
begins by discerning if a situation warranting additional
monitoring/inferences is occurring (decision block 262). If
no such occurrence is detected, routine monitoring proceeds
(block 264). However, when a situation warranting addi-
tional monitoring/inferences is detected, contextual data
associated with the situational monitoring/inference policies
may be monitored (block 266). The system may infer
activities based upon the contextual data (block 268). These
inferences may be reported and/or recorded for subsequent
reporting and/or control (block 270).

In one embodiment, additional monitoring may occur
when a child is home alone. Any number of additional
monitoring tasks and/or inferences may be made when
children are home alone. For example, the system might
make more sensitive inferences when children are home
alone, may detect the presence of unexpected occupants, etc.

FIG. 43 is a flow diagram illustrating a process 290 for
situational monitoring of children who are home alone, in
accordance with an embodiment. First, the system may
detect that a child is home alone (block 292). For example,
the occupancy sensors may discern occupancy and identi-
fication data may be used to discern that the occupants are
all children. Accordingly, the system may discern that chil-
dren are home alone.

In the embodiment of FIG. 43, when children are home
alone, a policy is set to inform parents when occupants
approach and/or enter the house. Accordingly, the system
may detect, via occupancy sensors, occupants at the front
door (block 294). Upon such detection, the system may
notify parents of the approaching occupant (block 296).

Another situation that may warrant additional monitoring
may be supervision of children by third parties (e.g., a
babysitter or grandparents). FIG. 44 is a flow diagram
illustrating a process 310 for situational monitoring of
non-parental supervision, in accordance with an embodi-
ment. First, the system determines whether a third party
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(e.g., a babysitter) is providing supervision (decision block
312). For example, the system may discern that parents are
occupying the house with the children, thus indicating
parental supervision. Alternatively, the system may discern
that only third parties occupy the house with the children,
thus indicating third party supervision.

If there is no third party supervision, routine monitoring
proceeds (block 314). However, when third party supervi-
sion is detected, additional monitoring may occur. Any
number of additional monitoring tasks may be desired when
third party supervision is detected. For example, the sensi-
tivity of cautionary inferences (e.g., interaction with inap-
propriate content and/or substances) may be heightened, the
actions of the third parties can be modified, additional
actions of the children, and etc. may be monitored.

In the embodiment of FIG. 44, a situational policy is set
to monitor interaction between the third party and the
children (block 316), monitor the electronic device (e.g.,
television, tablet, or computer) usage amount and/or usage
characteristics (e.g., consumed content) of the children
(block 318), and monitor for unexpected occupants
approaching and/or entering the house (block 320). Findings
regarding these additional monitoring tasks are reported
and/or recorded for subsequent reporting and/or control
(block 322).

Another situation that may warrant additional monitoring/
inferences is a situation where assertion/promises are made.
FIGS. 45 and 46 are flow diagrams illustrating processes 350
and 390 for monitoring assertion activities, in accordance
with embodiments. Process 350 is a general process for
assertion-based monitoring and process 390 is a more spe-
cific assertion based policy regarding an appointment asser-
tion. Starting first with process 350 of FIG. 45, the process
350 begins by detecting an assertion/promise (block 352). In
some embodiments, the system discerns such a promise by
monitoring voice conversations within the household and/or
on a portable electronic device (e.g., a tablet, computer, or
cellular telephone). In some embodiments, such assertions/
promises may be detected by monitoring text messaging
(e.g., SMS text messages, etc.). In some embodiments,
assertions may be obtained from email, calendar, or other
electronic device applications.

Regarding the appointment-based assertion monitoring
process 390, the system may detect an appointment assertion
(block 392). In one example, a text message may be pro-
vided by a household member stating, “I’ll be home by
5:00.” Accordingly, an assertion may be detected by moni-
toring the text messaging of an electronic device. Alterna-
tively, an appointment may exist in an electronic calendaring
application of an electronic device, which may be used to
discern an appointment.

Returning to process 350, a determination is made as to
whether the assertion/promise is capable of being completed
(decision block 354 of FIG. 45 and decision block 396 of
FIG. 46). For example, returning to the “I’ll be home by
5:00” assertion, the system may determine a current location
of the household member and how long it would take to get
from the current location to the occupant’s house (block 394
of FIG. 46). If the occupant’s house can be reached by 5:00,
a determination is made as to whether the assertion/promise
has been met (decision block 356 of FIG. 45 and decision
block 400 of FIG. 46). For example, in the “T’ll be home by
5:00” assertion, the system may determine whether the
occupant has reached home. If the assertion has been met,
routine monitoring proceeds (block 358 of FIG. 45 and
block 402 of FIG. 46). However, if the assertion has not been
met, the process 350 returns to decision block 354 and
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process 390 returns to block 392 to determine whether the
assertion/promise is capable of being met.

If the assertion/promise cannot be met (e.g., the occu-
pant’s house cannot be reached by 5:00), a finding that the
assertion cannot be met may be reported and/or recorded
(block 360 of FIG. 45 and block 398 of FIG. 46). For
example, a notification may be provided via an electronic
device, noting that the assertion/promise can no longer be
met.

In some embodiments, intermediate notifications may be
reported/recorded when an assertion is close to not being
able to be met. For example, in the appointment process 390,
a notification could be sent 30 minutes, 15 minutes, 5
minutes, etc. prior to the appointment not being able to be
kept. Accordingly, the asserter may be prompted to head
towards the appointment location prior to not being able to
make the appointment.

Household Policy-Based Reporting and Control

Once the monitoring and/or inference data is reported
and/or recorded to at the household policy management
system, the household policy management system may
facilitate further household reporting and/or control. FIG. 47
is a flow diagram illustrating a process 420 for providing
reporting and/or control of a smart-device environment, in
accordance with an embodiment. The process 420 begins
with receiving household findings (e.g., those findings
reported and/or recorded, as described herein) (block 422).
Based upon the particular household policies implemented
within the household policy management system, the house-
hold policy management system may provide reporting of
the findings (block 424) and/or provide control based upon
the findings (block 426).

Turning first to reporting, notification of findings may be
provided as a report via a multitude of notification mecha-
nisms. FIG. 47 provides an example of several notification
mechanisms. For example, notification of certain findings
may be provided via smart lighting systems 428. For
example, a household policy may be set to change a smart
lighting system color to red and flash the lights whenever
findings warranting a warning are received.

Additionally, reporting may be provided via other smart
devices. For example reporting may be provided via a tablet
computing device 430, via audio speakers (e.g., in a smart
smoke detector 432), via a display panel (e.g., of a smart
thermostat 434), and/or personal smart devices, such as an
activity monitor wristband 436. The reporting can be pro-
vided via social networking sites (e.g., Google+ 437) or
other websites. In some embodiments reporting can be
provided to applications. For example, the reporting can be
provided to Nest software applications and/or hardware for
Nest Leaf 438 feedback (e.g., energy savings feedback
indication from Nest applications and/or hardware).

Turning now to control, the received household findings
may be used to control any number of smart devices. For
example, the household findings might be used to control
lock 440 (e.g., door lock) functionality. For example, if the
findings indicate that children are home alone, the locks 440
may be actuated to a locked position, such that the house is
secured from unexpected guests (assuming a household
policy is implemented for such functionality).

In some embodiments, the received findings may control
access to content 442 (e.g., Internet-based content, television
content, allowed DVDs, etc.). For example, if the findings
indicate that chores have not been completed and/or an
excessive amount of content has been consumed, the house-
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hold policy manager may restrict access to further content
442 (assuming a household policy is implemented for such
functionality). In some embodiments, access to content
playback devices (e.g., a television 444 and/or computing
device 446) may be restricted and/or allowed based upon
findings. For example, when the findings indicate that chores
have been completed, access to the devices 444 and/or 446
and/or content 442 may be granted.

In some embodiments, lighting 448 or other household
fixtures may be controlled based upon the received house-
hold findings. For example, lighting 448 may be turned off
when the household policy manager observes that there is no
occupancy in a particular room (assuming a household
policy is implemented for such functionality). Additionally,
controllable household appliances, such as a washer and/or
dryer 450 may be controlled based upon the received
findings. For example, if the findings suggest that a televi-
sion or radio is being used near the washer and/or dryer 450,
the washer and/or dryer execution cycles may be delayed,
enabling the use of the television and/or radio without noise
from the washer and/or dryer 450.

The reporting/notification mechanisms and controlled
devices mentioned above are provided merely as examples
of how notifications may be provided and how devices may
be controlled. The provided examples are not intended to
limit the scope of notification mechanisms or controlled
devices within the household.

Turning now to particular reporting and/or control poli-
cies, FIG. 48 is a flow diagram illustrating a process 470 for
situation-based reporting and/or control, in accordance with
an embodiment. The process 470 begins by receiving a
situation-based policy (block 472), such as third-party
supervision of children as will be discussed with regard to
FIG. 49 and/or grounding as will be discussed with regard
to FIG. 50).

Once the situation-based household policy is received, the
household policy manager begins monitoring for the occur-
rence of the situation associated with the policy (e.g.,
third-party supervision or grounding) (block 474). When the
situation is detected, the situation-based household policy is
implemented (e.g., the reporting and/or control based upon
the policy is implemented) (block 476). The situation-based
household policy is implemented until the situation is no
longer detected (e.g., no longer supervised by the third
party). Once the situation is no longer detected, normal
household policy implementation resumes (block 478).

FIG. 49 is a flow diagram illustrating a process 490 for
controlling a smart-device environment under third party
(e.g., non-parental supervision), in accordance with an
embodiment. In the embodiment of FIG. 49, a non-parental
supervision policy 492 dictates particular actions to be taken
upon detection of non-parental supervision. For example,
the policy 492 dictates that upon such an occurrence, sub-
policy sensitivity should be increased (block 494). For
example, if there is a policy that, under normal supervision,
a notification is provided to parents when 5 uses of foul
language occur, the sensitivity may be increased, such that
parents are notified when 2 uses of foul language occur
under non-parental supervision.

Additionally, the policy 492 dictates that increased moni-
toring should be implemented when there is supervision by
a third party (block 496). For example, increased sensor
usage may be warranted, enabling increased monitoring
with less trusted supervision. The increased sensor utiliza-
tion may help protect the children and monitor the activities
of the supervisors as well.
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The policy 492 also dictates that device usage and/or
device content should be limited during third party super-
vision (block 498). For example, while parents may be able
to comfort children when exposed to scary content, third
party supervisors may not be so well equipped. Accordingly,
the policy 492 may dictate limiting scary content (or any
other content) when parents are not supervising the children.
Further, the parents may wish for the children to engage with
the third party supervisors rather than their electronic
devices. Accordingly, the policy 492 may limit electronic
device usage when a third party supervisor is present.

The policy 492 also dictates that specialized notifications
should be sent when a third party supervises the children
(block 500). For example, a parent may wish to be notified
of the occurrence of certain activities when a third party is
supervising the children, but not when the parents are
supervising the children. For example, a notification that the
children are outside may be useful when a third party is
supervising the children, but may be unnecessary when
parents are supervising the children. Accordingly, special-
ized notification (block 500) may be implemented upon the
occurrence of a situation defined in a policy.

Turning now to a grounding policy, FIG. 50 is a flow
diagram illustrating a process 520 for grounding control of
a smart-device environment, in accordance with an embodi-
ment. In the process 520, a grounding policy 522 is received
by the household policy management system. The ground-
ing policy 522 may be activated based upon an indication
provided by a household occupant with sufficient privileges
to ground other occupants of the household. The indication
may be provided to the household policy manager, for
example, via use of a graphical user interface, audio com-
mands, or both.

Once implemented, the policy 522 may control one or
more characteristics of the household. Control of household
characteristics may be controlled in many manners. For
example, control may be based upon particular rooms/zones
of'the house, may be based upon associations with particular
occupants, etc. In the current embodiment, the grounding
policy 522 dictates that, when active, electronic device
usage and/or available electronic device content is to be
limited in rooms where the grounded occupant is located
(block 524). In some embodiments, these rooms may be
determined based upon discernment of a particular room/
zone the grounded occupant is occupying. In other embodi-
ments, these rooms may be determined based upon rooms
that are associated with the grounded occupant (e.g., a game
room and/or the occupant’s bedroom).

The grounding policy 522 may also dictate that monitor-
ing of the grounded occupants location should ensue and
notification provided when the grounded occupant leaves a
particular grounding location. For example, the grounded
occupant may be commanded to spend their grounding time
in their bedroom alone. The grounding policy 522 may
monitor the location of the grounded occupant and notify the
supervisor when the grounded occupant’s location deviates
from the grounded occupant’s bedroom.

The grounding policy 522 may also dictate that a “lights
out” mode should be activated at a particular time (block
528). For example, the “lights out” mode may include:
controlling lighting to power off and/or controlling elec-
tronic devices to power off. This “lights out” mode may be
activated in a particular room/zone the grounded occupant is
occupying and/or a particular room/zone associated with the
grounded occupant (e.g., the grounded occupant’s bed-
room).
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Household Behavioral Chances

FIG. 51 is a flow diagram illustrating a process 540 for
reward-based control of a smart-device environment, in
accordance with an embodiment. The process 540 begins by
defining a goal (block 542). For example, the system may,
based upon one or more demographics and/or patterns of a
household, provide a suggestion regarding typically desired
“areas of improvement” available for the household. Based
upon these suggestions, the household may select one or
more future goals. For example, based upon observed house-
hold patterns, the system may notice that members of the
household spend less time eating together than other family
having common demographics. Based upon this observa-
tion, the system may suggest that the household strive to
attain this goal. If the household agrees, the goal is set as
defined goal. Other examples of goals might include
decreased energy usage, modifications to allotments of elec-
tronic device “screen-time,” reduction of foul language
and/or “raised voice” conversations, etc.

The system will then monitor progression towards the
goal (block 544). As will be discussed in more detail below,
with regard to FIGS. 54-58, the progression toward the goal
may be gradual, thus, graduated performance toward the end
goal may also be monitored. Based upon the monitoring
activities, a determination is made as to whether the goal has
been met, partially met, or has not been met (decision block
546).

If no progress is made, a reminder of the active goal may
be provided to the household (block 547). For example, if
the household indicated a goal to spend more time doing
activities together and the system monitoring indicates that
the household is spending less time together or marginally
more time together, the system may provide a reminder of
the household goal to one or more members of the household
(e.g., via an audible and/or visual alert in the household, via
a text message provided to the user’s smartphone, etc.).

If sufficient progress toward the goal is attained, a prog-
ress reward may be provided to one or more members of the
household (block 548). For example, in the togetherness
goal mentioned above, if the family spends 20 additional
minutes together in a week, when the goal is to spend an
additional hour together a week, a progress reward may be
provided to the family. Further, if a portion of the family
spends the additional hour together, but a portion does not,
the portion of the members attaining the goal may receive a
progress reward, while the portion of the members not
attaining the goal does not.

If the goal is attained, a reward for attaining the goal may
be provided to one or more of the household members (block
550). For example, if all of the household members spend an
additional hour doing activities together, the goal may be
attained, thus resulting in the presentation of the reward for
attaining the goal.

The progress goal may be as simple as an encouraging
text, audio, and/or video message, or may be more elaborate.
For example, in some embodiments, increase allotments of
portion restricted activities may be provided. For example,
an increase in electronic device “screen-time” may be pro-
vided upon attaining a goal. In one embodiment, household
bragging rights may be a reward, by providing a neighbor-
hood message to other participating households, stating that
the household is progressing towards and/or has attained the
particular goal.

FIG. 52 is a schematic drawing illustrating a system 570
providing an allotment-based reward for attaining a goal, in
accordance with an embodiment. In the embodiment of FIG.
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52, a household administrator has defined a goal that Ben-
jamin should spend more time outside and less time on
electronic devices.

Accordingly, based upon the defined goal, the system may
monitor Benjamin’s actions, discerning how Benjamin is
allotting his time. For example, cameras in the household
may determine whether Benjamin is inside or outside the
house, whether Benjamin is on an electronic device, etc.
Further, electronic device usage and/or Benjamin’s location
may be directly attainable using functions of the electronic
device 572 (e.g., Benjamin’s smartphone).

Using this data, the system 570 may determine whether
Benjamin is spending more time outside. If the system
determines that Benjamin has not progress towards spending
more time outside, the system may provide a reminder, as
illustrated in the electronic device 572 at time 574. In some
embodiments, the reminder (or other mechanism in the
system) may encourage progress to the goal by imposing
restrictions and/or other punishments for not progressing
toward the goal. For example, because Benjamin has not
progressed toward the goal at time 574, the system may
impose a “screen-time” lockout feature, thus encouraging
Benjamin to progress toward the goal.

Once sufficient progression is made (e.g., Benjamin is
outside for 15 minutes), a progression goal, such a “screen-
time” lockout countdown clock may be presented to Ben-
jamin. Further, once Benjamin’s goal is attained (e.g., Ben-
jamin spends 30 minutes outside as indicated at time 576 by
block 578), the “screen-time” lockout feature of the elec-
tronic device 572 may be disabled, as shown at time 580.
Thus, because Benjamin has attained the goal, he is allotted
additional “screen-time.”

In some embodiments, when goals are allotment-based,
some flexibility may be implemented by the system. For
example, FIG. 53 is a flow diagram illustrating a process 600
for the allotment-based control of the smart-device environ-
ment where carryover allotments may be allowed, in accor-
dance with an embodiment. First, the system may determine
that a portion of an allotment (e.g., an allotment of “screen-
time” of an electronic device) has been budgeted, but not
used (block 602). For example, if a household member is
allotted two hours of “screen-time” total in a day, but only
uses one hour, an additional one hour of “screen-time” has
been budgeted, but not used.

The system may then determine if the policies implement-
ing the budgeted allotments allow for carryover (decision
block 604). For example, in some instances, a policy may be
implemented in a more flexible manner that allows un-used
allotments for one time period to carryover to be applied to
allotments of the next time period. Alternatively, in some
embodiments, carryover is not allowed, ensuring that the
allotment is the maximum allotment for the particular time
period.

If carryover is not allowed, the standard allotment is
maintained (block 606). However, if carryover is allowed,
the un-used allotment is added to the budgeted allotment for
the next time period (block 608). Accordingly, in the above
examiner where the household member does not use one
hour of a budgeted two-hour allotment, the allotment for the
next day will be three hours, because the un-used one hour
is added to the two-hour allotment. This may reduce the
rigidity of the policy implementation, thus, prolonging the
effectiveness of the implemented policies.

As mentioned above, in some embodiments, gradual
progression toward a goal may be an effective way of
reaching the goal. For example, by making small, incremen-
tal progressions toward a goal that are virtually impercep-
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tible, the household may become gradually accustomed to
the actions of the goal. FIG. 54 is a flow diagram illustrating
a process 620 for progressive control in a smart-device
environment, in accordance with an embodiment. The pro-
cess 620 begins by determining the goal to be progressively
implemented (block 622). For example, some goals may be
easier to implement in a progressive manner than others.
Goals related to changing highly routine activities that occur
on a consistent basis may be good candidates for progressive
implementation. Further, goals related to household modi-
fications of a significant magnitude may also be good
candidates for progressive implementation.

After the goals for progressive implementation are deter-
mined, the system may determine acceptable progression
thresholds for the particular goal (block 624). For example,
when there is a pre-defined time to reach the goal, the
progression thresholds may exponentially graduate, such
that the progression requirements are very subtle at first and
then more aggressive as the household becomes accustomed
to progressing toward the goal. Alternatively, the progres-
sion thresholds may be evenly distributed amongst time
periods between implementation of the goal and the pre-
defined time to reach the goal, such that an equal amount of
progression is to be made during each time period.

In embodiments where no pre-defined time to reach the
goal is specified, the system may increase the progression
requirement very gradually, providing virtual imperceptibil-
ity that the progression is occurring. This may result in
additional success in achieving household goals, by allow-
ing a household to adapt very gradually to change.

Based upon the determined acceptable progression for the
particular goal, the system may define progression threshold
triggers that are used to report progression and/or control the
system (block 626). For example, using an example where
a household wishes to decrease Internet usage, an allotment
may be reduced by one minute each day, thus being virtually
imperceptible to the household. The triggers for restricting
Internet access may be moved by one minute each day until
a desired amount of Internet usage is attained. Once the
triggers are determined, goal-based policies are imple-
mented based upon the triggers (block 628). Accordingly,
the reporting and/or control may become progressively
sensitive, as the household progresses toward the goal.

FIG. 55 is a data chart 650 illustrating an example of
control via progressively increasing control thresholds, in
accordance with an embodiment. Line 652 represents
threshold trigger points (e.g., the y-axis 654) as a function of
time (e.g., the x-axis 656). As illustrated, the line 652
increases gradually until the goal 658 is reached. Thus,
reporting and/or control conducted by the system may
gradually enforce progression to the goal 658.

This may be seen in the embodiment of FIG. 56. FIG. 56
is a schematic drawing illustrating a system 670 that pro-
vides rewards that become progressively difficult to receive
as household members progress towards a goal, in accor-
dance with an embodiment.

The goal 658 in FIG. 56 is that a particular household
member be on time to a particular destination (e.g., work
and/or home) 5 times a week. To implement policies for
attaining the goal 658 in a progressive fashion, the system
670 may, at time 656A, set a threshold 656 A for receiving
a reward (e.g., praise message 672A) to 1 (e.g. indicating
that the praise message 672A will be received upon the
household member being on time once). As the household
member progresses 674 toward the goal (e.g., is on time
once 676), the threshold may be increased. For example, at
time 6568, threshold 654B requires being on time twice 678
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to receive the praise message 672B. Thus, the household
member may be subtly and gradually encouraged to con-
tinue to progress toward the goal 658.

FIG. 57 is a data chart 680 illustrating control via a
progressively decreasing control threshold to reach a goal
658, in accordance with an embodiment. Line 652 represents
threshold trigger points (e.g., the y-axis 654) as a function of
time (e.g., the x-axis 656). As illustrated, the line 652
increases gradually until the goal 658 is reached. Thus,
reporting and/or control conducted by the system may
gradually enforce progression to the goal 658. In contrast to
data chart 650 of FIG. 55, the data chart 680 has progres-
sively decreasing trigger points as a function of time.

This may be seen in the embodiment of FIG. 58. FIG. 58
is a schematic drawing illustrating a system 710 that pro-
gressively removes Internet allotment for household mem-
bers over time, in accordance with an embodiment.

The goal 658 in FIG. 56 is that a household reduce
Internet usage to a maximum of three hours per day. To
implement policies for attaining the goal 658 in a progres-
sive fashion, the system 710 may, at time 656A, set a
threshold 656A for controlling a household attribute (e.g.,
Internet access) to 7 (e.g. indicating that Internet access will
be revoked after 7 hours of usage is reached). As the
household progresses 674 toward the goal (e.g., begins
reducing Internet usage), the threshold may be decreased.
For example, at time 6568, threshold 654B is set to 3 hours,
indicating that the maximum allotment of Internet usage is
now three hours. Any granularity of threshold modifications
may be used to attain the goal 658. For example, thresholds
may be modified, for example, every year, month, week,
day, hour, etc. Further, the degree of threshold modification
may vary, depending on any number of factors. For example,
for goals that will be hard to achieve, each threshold
modification may be of a very small degree. Thus, the
household may be subtly and gradually encouraged to
continue to progress toward the goal 658.

As may be appreciated, gradual progression toward a goal
may effectively help households and/or household members
attain group and/or individual goals. The systems provided
herein encourage such goal attainment by progressively
challenging households and/or household members to con-
tinue to progress toward completion of a goal. The systems
provided herein may apply to any number of goals. One such
type of goals are allotment modification goals, such as:
decreasing household energy usage, reducing caloric intake
of a household member and/or the entire household, reduc-
ing Internet time, increasing time outdoors, reducing “raise
voice” conversations, decreasing the use of foul language,
etc.

The above-described embodiments are directed to achiev-
ing what can be thought of as a conscious home, a consci-
entious home, a thoughtful home, or more generally a
smarter home than home automation systems that are simply
based on if-X-occurs-then-do-Y (IXOTDY) programming
by the user. The above-described embodiments are directed
to providing more intelligent governance of the home expe-
rience by taking into account the fact that information
gathered by smart-home sensors is often incomplete and
imperfect, that user behaviors and desires for automated
assistance from the home are often not subject to fixed
explicit formulation, and that the home environment is
ever-changing in terms of human goals, human behavior,
and the ever-increasing variety and availability of home
sensors and controller devices. Thus, in contrast to imple-
mentation by direct IXOTDY rules, the household policy
implementations according to of one or more of the embodi-
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ments take into account that the triggering of certain actions
or events should be based on a more thoughtful approach
that takes into account the described confidences, inferences,
trends, and other factors to provide a more comprehensive,
stable, sustainable, context-aware home automation experi-
ence. As one of many advantages, it is believed that house-
hold policy implementations according to one or more
embodiments reduces or obviates the need for persistent user
attention to the building and maintenance of complex
IXOTDY rule sets, an all-too-common and time-consuming
process which is believed by the present inventors to be
antithetical to the true purpose of the conscious home, which
is to make people’s lives easier, better, and more sustainable.
In view of the present disclosure, one skilled in the art would
be readily able to implement the described systems and
methods using one or more known technologies, platforms,
models, and/or mathematical strategies including, but not
limited to, artificial neural networks, Bayesian networks,
genetic programming, inductive logic programming, support
vector machines, decision tree learning, clustering analysis,
dynamic programming, stochastic optimization, linear
regression, quadratic regression, binomial regression, logis-
tic regression, simulated annealing, and other learning, fore-
casting, and optimization techniques.

The specific embodiments described above have been
shown by way of example, and it should be understood that
these embodiments may be susceptible to various modifi-
cations and alternative forms. It should be further under-
stood that the claims are not intended to be limited to the
particular forms disclosed, but rather to cover all modifica-
tions, equivalents, and alternatives falling within the spirit
and scope of this disclosure.

What is claimed is:

1. A tangible, non-transitory, machine-readable medium,
comprising machine-readable instructions configured to:

suggest, automatically implement, or both suggest and

automatically implement, one or more household poli-
cies to be implemented within a housechold environ-
ment;

determine monitoring capabilities, enforcement capabili-

ties, or both of an inventory of smart devices within the
household environment, and

suggest the one or more household policies based upon

the monitoring capabilities, the enforcement capabili-

ties, or a combination thereof of the inventory of smart

devices, wherein the machine-readable instructions

configured to determine the monitoring capabilities, the

enforcement capabilities, or both comprises:

access a list of the monitoring capabilities, the enforce-
ment capabilities, or both for each smart device in
the inventory; and

aggregate the list of the monitoring capabilities, the
enforcement capabilities, or both for each smart
device in the inventory into an overall list of the
monitoring capabilities, the enforcement capabili-
ties, or both for all smart devices in the inventory;
and

wherein the household policies comprise:

one or more input criteria that is derivable from at least
one smart device within the household environment,
the one or more input criteria relating to a charac-
teristic of the household environment, a characteris-
tic of one or more occupants of the household, or
both; and

one or more outputs to be provided to at least one of the
smart devices within the inventory of smart devices
within the household environment based upon the
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one or more input criteria such that the at least one
of the smart devices within the inventory of smart
devices within the household environment operates
in accordance with the one or more outputs.

2. The tangible, non-transitory, machine-readable medium
of claim 1, comprising machine-readable instructions con-
figured to determine the monitoring capabilities, the
enforcement capabilities, or both by:

broadcasting a capabilities poll to the smart devices

within the household environment; and

receiving a response from one or more of the smart

devices within the household, the response comprising
an indication of one or more monitoring capabilities,
enforcement capabilities, or both of the one or more
smart devices providing the response.

3. The tangible, non-transitory, machine-readable medium
of claim 1, comprising machine-readable instructions con-
figured to:

determine a demographic profile of the household envi-

ronment; and

suggest the one or more household policies based upon

the demographic profile of the household environment.

4. The tangible, non-transitory, machine-readable medium
of claim 3, comprising machine-readable instructions con-
figured to:

determine the demographic profile of the household envi-

ronment by:

providing a graphical user interface comprising a
demographic survey; and

receiving one or more responses to the demographic
survey, the responses comprising an indication of at
least one demographic variable of the household
environment.

5. A tangible, non-transitory, machine-readable medium
comprising machine-readable instructions configured to:

suggest, automatically implement, or both suggest and

automatically implement, one or more household poli-
cies to be implemented within a household environ-
ment;

determine a demographic profile of the household envi-

ronment by:

attributing at least one input received by the at least one
smart device within the household environment to at
least one demographic variable; and

defining the demographic profile based upon the at least
one demographic variable;

suggest the one or more household policies based upon

the demographic profile of the household environment;
and

wherein the household policies comprise:

one or more input criteria that is derivable from at least
one smart device within the household environment,
the one or more input criteria relating to a charac-
teristic of the household environment, a characteris-
tic of one or more occupants of the household, or
both; and

one or more outputs to be provided to at least one of the
smart devices within the within the household envi-
ronment based upon the one or more input criteria
such that the at least one of the smart devices within
the household environment operates in accordance
with the one or more outputs.

6. The tangible, non-transitory, machine-readable medium
of claim 5, wherein the at least one input comprises an audio
signal and the at least one demographic variable comprises
a type of household member associated with the audio
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signal, the type comprising: a male, a female, a child, an
adult, or any combination thereof.

7. The tangible, non-transitory, machine-readable medium
of claim 5, wherein the at least one input comprises an audio
signal and the at least one demographic variable comprises
an identity of a household member associated with the audio
signal.

8. A tangible, non-transitory, machine-readable medium,
comprising machine-readable instructions configured to:

determine one or more behaviors within a household;

determine monitoring capabilities, enforcement capabili-

ties, or both of an inventory of smart devices within the

household by:

accessing a list of the monitoring capabilities, the
enforcement capabilities, or both for each smart
device in the inventory; and

aggregating the list of the monitoring capabilities, the
enforcement capabilities, or both for each smart
device in the inventory into an overall list of the
monitoring capabilities, the enforcement capabili-
ties, or both for all smart devices in the inventory;
and

suggest or automatically implement one or more house-

hold policies based on the one or more behaviors within
the household, the monitoring capabilities, the enforce-
ment capabilities, or a combination thereof of the
inventory of smart devices;

wherein the household policies comprise one or more

outputs to be provided to at least one of the smart
devices within the within the household based upon the
one or more input criteria such that the at least one of
the smart devices within the household operates in
accordance with the one or more outputs.

9. The tangible, non-transitory, machine-readable medium
of claim 8, wherein the behaviors comprise one or more
activity patterns of a member of the household.

10. The tangible, non-transitory, machine-readable
medium of claim 9, wherein the one or more activity
patterns comprise repeatedly missing an indicated goal.

11. The tangible, non-transitory, machine-readable
medium of claim 10, wherein the indicated goal is an
estimated time of arrival to the one or more household
policies comprises providing a reminder to leave at a time
needed of an on-time arrival.

12. The tangible, non-transitory, machine-readable
medium of claim 11, comprising instructions to provide the
reminder as an alarm, a text message, or both an electronic
device associated with the member of the household.
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13. The tangible, non-transitory, machine-readable
medium of claim 10, comprising instructions configured to
discern the indicated goal from a text message, voice call,
audio monitoring, video monitoring, or any combination
thereof.

14. A tangible, non-transitory, machine-readable medium,
comprising machine-readable instructions configured to:

determine one or more goals of a household;

determine monitoring capabilities, enforcement capabili-

ties, or both of an inventory of smart devices within the

household by:

accessing a list of the monitoring capabilities, the
enforcement capabilities, or both for each smart
device in the inventory; and

aggregating the list of the monitoring capabilities, the
enforcement capabilities, or both for each smart
device in the inventory into an overall list of the
monitoring capabilities, the enforcement capabili-
ties, or both for all smart devices in the inventory;
and

suggest or automatically implement one or more house-

hold policies based on the one or more goals, the
monitoring capabilities, the enforcement capabilities,
or a combination thereof of the inventory of smart
devices;

wherein the household policies comprise one or more

outputs to be provided to at least one of the smart
devices within the within the household based upon the
one or more input criteria such that the at least one of
the smart devices within the household operates in
accordance with the one or more outputs.

15. The tangible, non-transitory, machine-readable
medium of claim 14, comprising instructions configured to
determine the one or more goals by providing a household
goal survey via a graphical user interface.

16. The tangible, non-transitory, machine-readable
medium of claim 14, comprising instructions configured to
determine the one or more goals by providing one or more
goal suggestions based upon one or more behaviors of the
household, one or more observations obtained from one or
more smart devices within the household, or both.

17. The tangible, non-transitory, machine-readable
medium of claim 14, wherein the household goal comprises
reducing consumption of a utility, the utility comprising
water, natural gas, electricity, or a combination thereof.
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